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REMARKS 

Claims 21-26 are pending. The specification is objected to. Claims 21-26 are 
rejected. The specification, in particular the title, is amended to be more descriptive of 
the present invention. Claims 21-25 are amended. Support for amended Claims 21-25 
can be found, e.g., in Claims 7, 8, 9, and 1 1, as originally filed. Amended Claim 24 also 
finds support on, e.g., page 62, lines 19-28, of the specification. Claim 26 is cancelled, 
without prejudice. Claim 27 is new and is supported by Claim 7, as originally filed. 

Applicant believes that no new matter is added by way of amendment. 

Applicant notes that the Examiner withdrew the Restriction Requirement 
between Groups III and IV. 

The Examiner alleges that the relevance of references AE-AG and AL-AN 
cannot be assessed. References AE-AG are relevant because sequences disclosed 
therein are aligned with the DCRS9 of the present invention (Table 6, pages 39-40, of 
the specification). 

I- Objections to the Specification . 

The Examiner objected to the title of the invention as not being descriptive of the 
present invention. Applicant has amended the title accordingly. Withdrawal of this 
objection is respectfully requested. 

II- Rejections of Claims 21-26 under 35 U.S.C. S101 . 

Claims 21-26 are rejected under 35 U.S.C. §101, and on the basis of a lack of 
support by either a credible, specific, and substantial utility, or a well established utility. 
Applicant submits that the rejection of Claim 26 is moot, in view of the cancellation of 
this claim. 

The Examiner agrees that the present invention is a "cytokine receptor protein," 
but alleges that function cannot be predicted based solely on homology (page 3, lines 
23-25, of Office Action). Applicant respectfully disagrees that function is based solely 
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on homology. The Examiner's initial burden is to establish that It is more likely than not 
that a person of ordinary skill would not consider that any utility asserted by the 
Applicant would be credible, specific, and substantial. According to the MPEP. "[ojnly 
where the totality of the record continues to show that the asserted utility is not specific, 
substantial, and credible, should a rejection based on lack of utility be maintained. If 
the record as a whole would make it more likely than not that the asserted utility for the 
claimed invention would be considered credible by a person of ordinary skill in the art. 
the Office cannot maintain the rejection, In re Rinehart, 531 F.2d 1048, 1052; 189 
USPQ 143, 147 (CCPA 1 976)" (§21 07.02 VI MPEP, August 2001). 

The totality of the record includes not only the above-mentioned homology data, 
but also data on helminth challenge and DCRS9 expression (pages 80-81 of the 
specification), additional expression data for DCRS9 and expression data for the 
DCRS9's ligand (a.k.a. IL-71) (Declaration under 37 C.F.R. §1.132 by Daniel M. 
Gorman) (enclosed), and data on IL-71 Vs stimulation of neutrophil infiltration in lungs 
(Hurst, et al. (2002) J. Immunol. 1 69:443-453) (enclosed). 

The specification asserts that the present invention is involved in innate 
immunity, e.g.. "[t]he cytokine receptor-like proteins will . . . result in modulation of . . 
innate immunity response. . and that "[tjhe cytokine receptors ... and antibodies, 
should be useful in the treatment of . . . innate immunity . . ." (page 43, lines 25-27; 
page 65, lines 10-11, of specification). Innate immunity relates to immune response in 
the earliest states of infection, e.g., before the later adaptive response involving 
lymphocytes, see, e.g., Roitt, et al. (1993) Immunology, 3? ed., Mosby, St. Louis, p. 1.2. 
Moreover, data in the specification correlates the present invention with an innate 
immunity response to a helminth, Ascaris. These data disclose that expression of the 
present invention is transiently elevated in lung at 4 hours after initial exposure to 
Ascaris, i.e., Ascan's challenge (pages 80-81, of specification). 

At the time of filing, it was well established that the lung shows an innate 
response to Ascaris challenge, where this response includes transient responses, see. 
e.g., Abraham, etal. (1999) Am. J. Resptr. Crit. Cans Med. 159:1205-1214 (enclosed); 
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Jones, et al, (1998) Can. J. Physiol. Pharmacol. 76:210-217 (enclosed); Wright, et al. 
(1999) J. Pharmacol. Exp. Therapeutics 289:1007-1014; D'Brot, et al. (1989)^n?, Rev. 
Respir. Di$. 139:91 5-920. Thus, response to Ascaris challenge taking the form of a 
transient host response was accepted by those skilled in the art. The data of page 80- 
81 of the specification relating to response over a period of time are consistent with the 
time courses disclosed in, e.g., Abraham, supra , and Jones, supra . 

According to the MPEP, "new evidence submitted in an affidavit or declaration 
under 37 CFR §1 . 1 32, or in a printed publication" is part of the totality of the record that 
can be used to rebut a rejection under 35 U.S.C. §101 (§2107.02 VI MPEP, August 
2001). 

The Declaration under 37 C.F.R. §1.132 by inventor Daniel M. Gorman 
(enclosed), confirms that expression of the DCRS9 of the present invention increases 
after helminth challenge, as disclosed in the specification. The Declaration describes 
data generated after the priority date of the present invention that show a significant 
increase in expression of DGRS9 in mouse lung f after helminth challenge. The 
Declaration also establishes that the ligand of DCRS9 to be specifically identified as 
IL-71 (a.k.a. IL-17C), and expression of IL-71 increases after helminth challenge. 

The Declaration Is further supported by the Hurst, suprg, reference which 
discloses that IL-17C stimulates an increase in neutrophils in the lungs (page 446, 
column 1 ( of Hurst, supra) . Neutrophils are specifically associated with innate 
responses, see, e,g„ Abbas t et al. (2000) Cellular and Molecular Immunology 4 th ed„ 
W.B. Saunders Co., Phila., PA, pp. 4-5 (enclosed); Roitt, et al. (1993) Immunology, 3 rd 
ed., Mosby, St. Louis, MO, pp. 1.1-1.2) (enclosed). Taken together, the data on pages 
80-81 of the specification, the Declaration, and Hurst, supra , confirm Applicant's 
asserted utility of the present invention in innate responses. Applicant therefore 
submits that one of ordinary skill would more likely believe the asserted utility for the 
claimed invention, as at least a marker for innate immunity, to be credible, substantial, 
and specific. Applicant also submits that new Claim 27 does not contain any basis for 
rejection under 35 U.S.C. §101. 
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Applicant believes the rejection of Claims 21-26 under 35 U.S.C. §101 to be 
overcome. Withdrawal of this rejection is respectfully requested. 

I"- Rejections of Claims 21-26 under 35 U.S.C, S112. First Parag raph 

The Examiner rejected Claims 21-26 under 35 U.S.C. §112, first paragraph 
(page 5, lines 19-27, of Office Action). Applicant submits that the rejection of Claim 26 
is moot, in view of the cancellation of this claim. The basis for the rejection is the 
alleged lack of a credible, substantial, and specific utility, or a well-established utility, 
thereby not teaching the skilled artisan how to make and use the present invention. As 
noted above, Applicant has submitted rebuttal arguments, a Declaration, and published 
articles establishing that the present invention has a credible, specific, and substantial 
utility, and that therefore the skilled artisan would know how to make and use the 
present invention. Applicant submits that new Claim 27 does not contain any basis for 
rejection under 35 U.S.C. §112, first paragraph. 

Applicant believes that the rejection of Claims 21-26 under 35 U.S.C. §112, first 
paragraph, is overcome by the foregoing. Withdrawal of this rejection is respectfully 
requested. 



IV - Rejections of Claims 22-26 un der 35 U.S.C. S1 12. Second Parag raph 

The Examiner rejected Claims 22-26 under 35 U.S.C. §112, second paragraph, 

on the basis of indefiniteness. Applicant submits that the rejection of Claim 26 is moot, 

in view of the cancellation of this claim. 

The Examiner alleges that Claim 22 is indefinite for reciting "further comprising," 

which indicates an additional active ingredient. Applicant believes that amended 

Claim 22 does not indicate an additional ingredient. 

Furthermore, the Examiner alleges that Claim 23 is confusing for reciting a 

composition comprising a composition. Applicant has amended Claim 23 as suggested 

by the Examiner. 
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Moreover, the Examiner alleges that Claim 24 must explicitly state a relation 
between two or more elements, and that instructional material is not given weight. 
Applicant believes the amended Claim 24 recites a relation between two elements. 
Applicant also submits that new Claim 27 does not contain any basis for rejections 
under 35 U.S.C. §1 12, second paragraph. 

In view of the foregoing, Applicant submits that the rejection of Claims 22-26 
under 35 U.S.C. §112, second paragraph, is overcome. Withdrawal of this rejection is 
respectfully requested. 

v - Rejections of Claims 21-23 and 25-26 under 35 U.S.C. 6102(h) . 

The Examiner rejected Claims 21-23 and 25-26 under 35 U.S.C §1 02(b), as 

anticipated by Koskinen. et al. (1998) J. Immunol. 160:4943-4950, on the basis that the 

antibody of Koskinen, supra, would be expected to bind to an 'antigenic fragment" of 

SEQ ID NO:12 (page 7, line 1 1, of Office Action). Applicant submits that the rejection 

of Claim 26 is moot, in view of the cancellation of this claim. 

Amended Claim 21 no longer recites "an antigenic fragment" of SEQ ID NO:12, 

thus Koskinen does not anticipate the present invention, nor do remaining Claims 22-25 

and 27, which depend directly or Indirectly from Claim 21 . 

Moreover, the Examiner admits that the Koskinen reference teaches an antibody 
that "specifically" binds to CD5 (page 7, lines 6-7. of Office Action). Koskinen 
teaches that specificity of antibody binding is determined by antibody cross-reactivity 
assays, e.g., see page 4945, column 2, and Fig. 3D, of Koskinen. The Koskinen 
definition is consistent with the definition set forth in the specification, where, e.g., 
specific binding is defined in terms of being "selected to have low cross-reactivity" 
against other proteins (page 60, lines 15-16 and 35-37; and page 61, lines 1-14, of 
specification). Applicant also submits that new Claim 27 does not contain any basis for 
rejections under 35 U.S.C. §1 02(b). 
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In view of the foregoing, Applicant submits that the rejection of Claims 21-23 and 
25-26 under 35 U.S.C. §1 02(b) is overcome. Withdrawal of this rejection is respectfully 
requested. 

Vl - Rejections o f Claims 21-23 and 25 under 35 U.S.C. S102tel 

The Examiner rejected Claims 21-23 and 25 under 35 U.S.C. §102(e), as 

anticipated by U.S. Pat. No. 6,1 50,502 issued to Strachan. The Examiner alleges that 

SEQ ID NO:303 of Strachan shares 100% sequence identity with amino acids 1-44, 

184-351 , 356-421 , and 423-657, of SEQ ID NO:12. 

Applicant notes that the cited fragments do not have 100% sequence identity 

with fragments of the present invention (see Appendix I). Furthermore, amended Claim 

21 does not recite antigenic fragments, nor do Claims 22, 23, and 25, which depend 

from Claim 21. 

Moreover, Applicant points out that Claim 21 recites "specifically binds," a term 
defined, e.g., on page 60, lines 15-16 and 35-37; and page 61, lines 1-14, of 
specification. For example, specific binding is defined in terms of being "selected to 
have low cross-reactivity against other cytokine receptor family members." (page 60, 
lines 1 5-1 6, of specification). "Low cross-reactivity against other cytokine receptor 
family members" excludes the Strachan antibodies, because Strachan identifies its 
disclosed polypeptides as, e.g., "cytokines or their cognate receptors." (column 9, lines 
27-28, of Strachan). Further, the specification provides a protocol for determining 
specific binding, where the protocol is a competition binding assay involving 
immobilized antigen and an added solubie, second protein (page 60, lines 35-37, to 
page 61, lines 1-2, of specification). This protocol for "specific binding" also excludes 
the Strachan antibodies from anticipating the antibodies of the present invention. Thus, 
Strachan fails to anticipate the present invention of Claims 21 -23 and 25. Applicant 
also submits that new Claim 27 does not contain any basis for rejections under 
35 U.S.C. §1 02(e). 
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In vfew of the foregoing, Applicant submits that the rejection of Claims 21-23 and 
25 under 35 U.S.C. §102(e) is overcome. Withdrawal of this rejection is respectfully 
requested. 

VII. Rejections of Claims 22-24 under 35 U.S.C. q if)9(a) 

The Examiner rejected Claims 22-24 and 30-31 under 35 U.S.C. §1 02(a), as 
being anticipated by WO 99/55865-A1 , on the same basis as noted above. Applicant 
wishes to point out that Claims 30-31 are not currently pending. 

As noted above, the fragments of WO 99/55865-A1 do not share 1 00% 
sequence identity, and the antibody of the present invention would not "specifically 
bind" lo the cited polypeptides. Thus, the cited reference fails to anticipate the present 
invention. Applicant also submits that new Claim 27 does not contain any basis for 
rejections under 35 U.S.C. § 102(a). 

In view of the foregoing, Applicant submits that the rejection of Claims 22-24 
under 35 U.S.C. §1 02(a) is overcome. Withdrawal of this rejection is respectfully 
requested. 

Vl »- Rejections of Claim 24 under 35 U.S.C. 6103( a) 

The Examiner rejected Claim 24 under 35 U.S.C. §103(a), as obvious in view of 
Koskinen. supra, or the Strachan patent, in combination with the skill in the art (page 8. 
lines 1 0-24, of Office Action). 

Applicant submits that Koskinen and Strachan have both been removed as prior 
art as noted above. Applicant also believes that the skill in the art at the time of filing 
cannot cure the deficiencies of Koskinen or Strachan. Applicant also submits that 
amended Claim 24 and new Claim 27 do not contain any basis for rejections under 
35 U.S.C. §103. 

In view of the foregoing, Applicant believes that the rejection of Claim 24 under 
35 U.S.C. §103 is overcome. Withdrawal of this rejection is respectfully requested. 
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Conclusion 



Applicants current response is believed to be a complete reply to all the 
outstanding issues of the latest Office Action. Further, the present response is a bona 
fide effort to place the application in condition for allowance or In better form for appeal. 
Accordingly, Applicant respectfully requests reconsideration and passage of the 
amended claims to allowance at the earliest possible convenience. 

Applicant believes that no additional fees are due with this communication. 
Should this not be the case, the Commissioner is hereby authorized to debit any 
charges or refund any overpayments to DNAX Deposit Account No. 04-1239. 

If the Examiner believes that a telephonic conference would aid the prosecution 
of this case in any way, please call the undersigned. 

Respectfully submitted, 

Dated: September 26. 2003 By: Skf^j fcttrdu S 

Tom krody, Patent Agenff ~ 

for Applicant 
Reg. No. 46,433 

DNAX Research, Inc. 

901 California Avenue 

Palo Alto, California 94304-1104 

Tel: 650-496-6400 

Fax: 650-496-1200 



Enclosed: 

1 . Declaration of Daniel M. Gorman (5 pages). 

2. Abbas et al. (2000) Cellular and Molecular Immunology 4 lh ed., W.B. Saunders Co 

Phila., PA, pp. 4-5 (4 pages). 

3. Roitt, et al. (1993) Immunology, 3 rd ed., Mosby, St. Louis, MO, pp 1.1-1 2 (4 paaes) 

4. Abraham, et al. (1999) Am. J. Respir. Crit. Care Med. 159:1205-1214 (10 paqes) 

5. Jones, et al. (1998) Can. J. Physiol. Pharmacol. 76:210-217 (8 paqes) 

6. Hurst, et al. (2002) J. Immunol. 169:443-453 (11 pages) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Daniel M. Gorman (sole) 

Application No.: 09/863,818 

Filed: May 23, 2001 

For: MAMMALIAN DCRS9; RELATED 
REAGENTS AND METHODS (as 
amended) 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



Examiner: Dong Jiang 
Art Unit: 1646 
Conf. No.: 8990 



I hereby certify that this correspondence is being facsimile 
transmitted to the USPTO or deposited with the United States 
Postal Service with sufficient postage as first class mail in an 
envelope addressed to: Commissioner for Patents P O Box 
1450. Alexandria, VA 22313-1450, on 9-26-03 



MELANIE LYONS 



DECLARATION UNDER 37 C.F.R. 61.132 
l r Daniel M. Gorman, hereby declare that: 



1 . I received my B,S. degree from the University of Illinois at Urbana-Champaign ii 
1984; I have extensive experience in the area of immunology, particularly In the 
discovery and molecular biology of cytokines and cytokine receptors, as described in 
my attached curriculum vitae . 

2. I have read and understood that the present invention relates to DCRS9 (a.k.a. 
IL-17RE), a cytokine receptor having significant homology to several IL-17 receptor 
family members. 

3. I have read the Examiner's rejections of Claims 21-26 as presented in the latest 
Office Action, dated March 27, 2003- I understand that the Examiner has maintained 
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one rejection of these claims based on a lack of a specific, substantial, or credible 
utility, as described in the Manual of Patent Examining Procedure §§2107-2107.03 
(M.P.L.P., 8 th ed., August 2001). 

4. The present application contains a number of asserted utilities that are 
substantial, specific, and credible, e.g., "{t]he cytokine receptor-like proteins will . . . 
result in modulation of . . . innate immunity response. . . °[t]he cytokine receptors 
and antibodies, should be useful in the treatment of . . . innate immunity . . . and 
a [t]hese data (on DCRS9] demonstrate the receptor is expressed in immune cell types 
and may be regulated by activation conditions." (page 43, lines 25-27; page 65, lines 
10-11; page 80, lines 5-6, of specification). The present application also contains 
expression data demonstrating increased expression of DCRS9 in mouse lung at 

t - 4 h after helminth (Ascaris) challenge relative to expression in a normal lung pool. 
Note that innate immunity relates to immune response in the earliest states of infection, 
see, e.g., Roitt, et al. (1993) Immunology, 3 rd ed., Mosby, St. Louis, p. 12. 

5. Expression data generated after the priority date of the present application 
confirm the asserted utility noted above. In particular, data generated by Taqman® 
quantitative PCR confirm the differential expression of DCRS9 in response to challenge 
with the helmith, Nippostrongylus (Table 1 ; below). 

Table 1 . Helminth challenge with Nippostrongylus. 



Tissue tested 



Expression of DCRS9 relative to 
ubiquitin (ubiquitin expression = 1 .0) 



Mouse lung untreated. 



108.2 



Mouse lung infected Nippostrongylus. 



168.2 
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6. FACS analysis after the priority date of present application establishes that the 
ligand of DCRS9 (a.k.a. IL-17RE) is IL-71 (a.k.a. IL-17C) (Appendix I). 

7. The FACS analysis data demonstrated that cells transfected with the receptor, 
DCRS9, specifically bind the ligand, IL-71 (Appendix I, left column). Control studies 
varying the identity of the transfected receptor demonstrated that cells transfected with 
other receptors of the IL-17R family, i.e., IL-17RA, IL-17RB, IL-17RC, and IL-17RD, do 
not specifically bind IL-71 (Appendix I; left column). Control studies varying the ligand 
demonstrated that DCRS9-transfected cells do not bind IL-73 (a.k.a. IL-17D) 
(Appendix I; right column). 

"Flag IL71" and "Flag IL73/' respectively, indicate IL-71 and IL-73 containing a 
FLAG epitope tag. u hlL17RD-mGCSFR" indicates a fusion protein containing the 
extracellular part of IL-17R, and the cytosolic part of GCSF receptor (GCSFR) 
(Appendix I). 

8. Data generated after the filing date of the present patent application of the 
present invention demonstrate that expression of IL-71 increases in response to 
helminth challenge, as determined by Taqman® quantitative PCR (Table 2; below). 



Table 2. Expression of IL-71 in response to helminth challenge. 



Tissue tested 


Expression of IL-71 relative to ubiquitin 
(ubiquitin expression = 1.0) 


Mouse lung untreated. 


0.20 


Mouse lung infected Nippostmngylus. 


7.2 



9. Based on the foregoing, one of ordinary skill in the art would believe the asserted 
utility of DCRS9 as at least a marker for innate immunity, as being substantial, specific, 
and credible. 



1 0. I hereby attest that I do not have any financial interest in the present application, 
U.S. Patent Application No. 09/863,818, filed May 23, 2001, Attorney Docket 
DX01170K. 
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11. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1 001 of Title 1 8 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 



Customer No. 029008 
DNAX Research, Inc. 
901 California Avenue 
Palo Alio, CA 94304-1104 
Tel. (650) 496-6400 
Fax: (650)496-1200 

Attachment: Curriculum vitae for Daniel M. Gorman (7 pages). 
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APPENDIX I 

LEFT COLUMN RIGHT COLUMN 

Flag IL71 Rag IL73 
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Curriculum Vitae 
Daniel M. Gorman 



DNAX Research, Inc. 

901 California Ave. 

Palo Alto, CA 94305 

tel: (650)496-1145 

email: dan.gorman@dnax.org 



Education 

B. S. in Microbiology 1984 
University of Illinois 
Champaign, Urbana, IL. 



1983-1984 Senior research project: Phenobarbital induced Cytochrome p450 mRNA 
induction in rabbit tissues. 



Professional Experience 



m^ ^^^r^T^- °» NAX Research lnstrtute of Molecular and Cellular 
2SnJ2? h°' °? Ma ? 9 , er Moleciilar Bio, ogy lab. HGS technology team leader 
responsible for development of new genes. IL-1 7 family team member Protein 
eng.neenng for structure/function studies. RNAi vector design and validation 

Hy^hl^ 5 ^ DNAX Re search Institute, Palo Alto, CA 

for ffii 'T™ eader ^risible for claiming therapeutic proteins. Responsible 
ELS 9 H 9 ,hl 7 fam, 'y rec ePtor/ligand matching and investigational research 
Developed 14 therapeutic proteins, 48 antibodies, and 16 drug development plans. 

1998-2000 Senior Scientist. DNAX Research Institute, Palo Alto, CA. Responsible for 
discovery of candidate Ltherapeutic proteins using bioinformatics analysis ohK^ 
the^eu^ Sequence databases. Initial characterisation of p*en iai 

P ; D,scoverv and validation of secreted expression of novel proteins 
Managed a group of six research associates. H 

, 1 "™?w 8, Resegrgn Associate. DNAX Research Institute, Palo Alto CA ResDonsible 
for DNAX sequencing facility, analysis of newly discovered genes, development of 

opI SS? DNA 9GneS - SUPe r Se ™ St3ff and SUmmer int~olved in 

? * a ^° mated sequencers, novel cDNA cloning, expression analysis, 
C' n omn 9 and characterization. Organize bioinformatics workshop meetings 
Implement customed sequence request database and propriatary DNA seauence 
databases. Responsible for generating gene K.O. constructs. set J"ence 
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1988-1995. Scientist III. DNAX Research Institute, Palo Alto, CA. Development of 
cloning methodologies, purification, sequencing, and cloning of cytokine receptors and 
molecules involved in signal transduction. Functional characterization of these proteins 
?fpS' 0n of novel cytokine receptor family including those for human and mouse 
il-3. GMCSF, and IL-4. Immuno-affinity purification of proteins associated with IL-2 
receptor. Cloning, sequencing and characterization of human and mouse IL-3 receptor 
and mouse IL-4 receptor. K 

1986-1987 Scientist II. DNAX Research Institute, Palo Alto, CA. Development of gene 
transfer techniques and investigation of signal transduction in T-cells. Establishment of a 
system (Micro-prep, Micro-transfection) for high throughput expression cloning of novel 
genes. " 

1985-1986. Scientist I. DNAX Research Institute, Palo Alto, CA. Expression of 
recombinant proteins in yeast. Establishment of mammalian recombinant protein 
expression systems and protocol for retroviral infection of mouse T-cell clones 
Functional characterization of autocrine factors, isolation of human genomic IL-2 receptor 

1984-1985. Research Trainee. DNAX Research Institute, Palo Alto, CA. DNA synthesis 
and sequencing. ' 

1981-1 982. Lab assistant . University of Illinois, Urbana-Champaign, Department of 
Physiology and Biophysics. 

Research Interests 

Discovery of novel proteins modulating the immune system 

Design and development of molecular tools for target validation of novel proteins and 
analysis of their association to human pathology. 

Publications 

1 " U 0 ^' T one J a ra S c hreurs J, Gorman D, Maruyama K, Ishii A, Yahara I, Arai 
K. Miyajima A (1990) Cloning of an interieukin-3 receptor gene: a member of a 
distinct receptor gene family. Science 247, 324-7. 

2. porman D, Itoh N, Kitamura T, Schreurs J, Yonehara S, Yahara I, Aral K, 
Miyajima A. (1990) Cloning and expression of a gene encoding an interleukin-3 
receptor-like protein: identification of another member of the cytokine receptor 
gene family. Proc. Natl. Acad. Sci. 87, 5459-63. 

3. Hayashida K, Kitamura T, Gorman D. Arai K, Yokota T. Miyajima A. (1990) 
Molecular cloning of a second subunit of the receptor for human GM-CSP 
%55 59 itUti0n ° fah ^ Proc. Natl. Acad. Sci 87 
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4. Harada N. Castle B. Gorman D, Itoh N, Schreurs J, Barrett R, Howard M 
Miyajima A. (1990) Expression cloning of a cDNA encoding the murine iL 4 
receptor based on ligand binding. Proc. Natl. Acad. Sci. 87,857-61. 

5. Galizzi J, Zuber C, Harada N, Gorman D, Djossou O, Kastelein R, Banchereau J 
Howard M. Miyajima A. (1990) Molecular cloning of a cDNA encoding the human 
IL-4 receptor. Int Immunol. 2,669-75. 

6. Gorman D, Itoh N, Jenkins N, Gilbert D, Copeland N. Miyajima A. (1992) 
Chromosomal localization and organization of the murine genes encoding the 
beta subunit of the IL-3, GM-CSF, and IL-5 receptors. J. Biol. Chem. 267, 15842- 

7. Mueller D, Chen Z, Schwartz R, Gorman D, Kennedy M. (1 994) Subset of CD4+ 
T-cell clones expressing IL-3 receptor alpha-chains uses IL-3 as a cofactor in 
auotcnne growth. Journal of Immunology. 153, 3014-26. 

8. Ichihara M, Hara T, Takagr M ? Cho L, Gorman D, Miyajima A. (1995) Defective 
IL-3 response of the A/J mouse is caused by a branch point deletion in the IL-3 
receptor alpha subunit gene. EMBO J. 14(5): 939-950. 

9. Bonn LM, McNeil T, Lucian LA. DeVaux B, Franz-Bacon K, Gorman D, Zurawski 
S, Murray R, McClanahan TK. (1997) HNMP-1: a novel hematopoietic and neural 

N^scM 7^!^^^ neUra ' develo P ment and 'W- J 

10. Onishi m, Mui AL, Morikawa Y, Cho L, Kinoshita S, Nolan GP, Gorman D 
Miyajima A, Kitamura T. (1 996) Identification of an oncogenic form of the 

SST^^'^f 06 ^ 01 " MPL using retr ovirus-mediated gene transfer. Blood 
oo(4;."1 399-1406. 



11. 



12. 



14. 



A 



CaporoMC, Gorman D.ChingEP,aotnik A. (1996) Identification throug 
bioinformatics of cDNAs encoding human thymic shared Ag-1/stem cell Aq-2 
new member of the human Ly-6 family. J Immunol 157(3):969-973. 

Onishi M Kinoshita S, Morikawa Y, Shibuya A, Phillips J, Lanier LL. Gorman D 
Nofan GP, Miyajima A, Kitamura T. (1996) Applications of retrovirus-mediated ' 
expression cloning. Exp Hemato 24(2):324-329. 

13 ' T RaSorCG aS", V ? q W MP, Gorman D, McClanahan 

Adv!xpMe G d So? 41tM 8 V ^ " * ^ flanefc ,6VeL 

S.'.IS't ,!? lS 2? a *' Mui A> Gorfnan D - M^Mahon M, Miyajima A, 

KrtamuraT (1998) Identification and characterization of a constitutive active 
b r aid mutant that promotes cell proliferation. Mol Cell Biol. 18(7): 3871-3879. 
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15. Halfon S, Ford J. Foster J, Dowling L, Lucian L, Sterling M, Xu Y, Weiss M, Ikeda 
M, Liggett D, Helms A, Caux C, Lebecque S, Hannum C, Menon S.McClanahan T, 
Gorman D, Zurawski G. (1998) Leukocystatin, A new class II cystatin expressed 
selectively by hematopoietic cells. J Biol Chem 273(26):1 6400-1 6408. 

16. Foumier N. Chalus L, Durand I. Garcia E, Pin J J, Churakova T, Patel S, Zlot C, 
Gorman D, Zurawski S, Abrams J. Bates EE, Garrone P. (2000) FDF03, a novel 
inhibitory receptor of the immunoglobulin superfamily, is expressed by human 
dendritic and myeloid cells. J Immunol. 165(3):1 197-209. 

17. Oppmann B, Lesley R, Blom B, Timans J, Xu Y, Singh K, Zonin F. Vaisberg E, 
Churakova T, Liu M, Gorman D, Wagner J, Zurawski S, Liu Y, Abrams J, Moore 
K. Rennick D, deWaal-Malefyt R, Hannum C, Bazan F, Kastelein R. (2000) Novel 
p19 Protein Engages IL-12p40 to Form a Cytokine (IL-23) with Biological Activities 
Similar as Well as Distinct from IL-12. Immunity, Vol.13, 715-725. 

1 8. Valladeau J, Duvert-Frances V, Pin JJ, Kleijmeer MJ. Ait-Yahla S, Ravel O, 
Vincent C, Vega F Jr, Helms A, Gorman D, Zurawski SM, Zurawski G, Ford 
J.Saeland S. (2001) Immature human dendritic cells express asialoglycoprotein 
receptor isoforms for efficient receptor-mediated endocytosis. J Immunol 
167(10):5767-74. 

19. Wright G, Gorman D, Liu M, Brown M, Barclay N. A potential immunomodulatory 
interaction between the Human Herpesvirus-8 membrane protein K14, a CD200 
homologue, and the CD200 receptor on myeloid cells. Submitted J. Virology. 

20. Fort M, Cheung J, Yen D, Li J, Zurawski S, Lo S, Menon S, Clifford T, Hunte B 
Lesley R, Muchamuel T, Hurst S, Zurawski G, Leach M. Gorman O, Rennick D 

(2001) IL-25 Induces IL-4, IL-5, and IL-13 and Th2-associated patholoqies in vivo 
Immunity. 15(6):985-95. 

21 . Hurst S, Muchamuel T, Gorman D, Clifford T, Lo S, Menon S. Seymour B, 
Jackson C, Fort M, Brieland J, Zurawski S, Rennick D. Zurawski G, Coffman R. 

(2002) New IL-1 7 family members promote Th1 or Th2 responses in the lung- In 
vivo function of the novel cytokine IL-25. J Immunol 169(1):443-53. 

22. Reche P, Soumelis V, Gorman D, Menon S, Zurawski S, Johnston J, Liu y, Spits 
H, de Waal-Malefyt R, Ba2an F, Kastelein R. (2001) Human thymic stromal 
lymphopoietin preferentially stimulates myeloid cells. J Immunol. 167(1):336-43. 

23. Basham B, Gorman D. Mining for novel cytokines by molecular profiling. Series 
of Understanding Experimental Medicine: "Cytokines;from basics to topics" June 
24, 2002, 78-85. 

24. Wiekowski M, Leach M, Evans E, Sullivan L, Chen SC, Vassileva G, Bazan JF 
Gorman D, Kastelein R, Narula S, Lira S. (2001) Ubiquitous transgenic 
expression of the IL-23 subunit p19 induces multiorgan inflammation, runting, 
infertility, and premature death. J Immunol. 166(12):7563-70. 
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25. 



C, Chirlca M Timans J, Vaisberg E, Travis M, Cheung J, Pflanz s Churakova T 
$K a f 3 " 9 ?" I in u 9h K ' LeS ' ey R ' Ve 9 a F ' To Wagnar J Zonln F? Va T ' 
S aTI '^^^ 3 ™^ °' Gorman D ' Abrams J - Renni <* D, Kastelein 
R. de Waal Malefyt R. Moore K. (2002) A receptor for the heterodimeric cytokine 

.^ 3 U ^« ^ ' — -eptor subunit^r/ 



26. 



^nYM G ' Cen KM- Ze ^' Abbondanz ° S, Jensen K, Gorman D, Baroudy B 
Jiang Y Murgolo N Lira D. Expression of a novel murine type I interferon in the 
pancreatic islets mduces diabetes in mice. (2003) J Immunol. 1 70 (1 1 ) 5748-55. 

27. Soumelis V Reche PA, Kanzler H, Yuan W, Edward G ( Homey B, Gilliet M Ho S 
Antonenko S Lauerma A, Smith K, Gorman D. Zurawski S, Abrams J Menon S 
McClanahan T, Waal-Malefyt Rd R, Bazan F, Kastelein RA Liu YJ (2002) Human 
eprthehal cells trigger dendritic cell mediated allergic inflammatton by pScing 



28. 



29. 



KUn^nt^ J * °i 9 ? Y ' Murphy C ' Joyce B ' Se y m our B, Lucian L, To W, 

rW,Snf K « f ( 3 "nterleukin-23 rather than interleukin-12 is the critical 
cytokine for autoimmune inflammation of the brain. Nature 13;421(6924):744-8. 

Pflanz . S, Timans JC Cheung J, Rosales R, Kanzler H, Gilbert J, Hibbert L 
Lhurakova T. Trm M. Vaisberg E, Blumenschein WM, Mattson J^D Waoner JL 
To W, Zurawski S, McClanahan TK. Gorman DM, Bazan JF de Waal mEr 

wS^^fi ^ (2 ° 02) ,L - 27 ' 9 cytokrneXo^f ' 

mym 90 ' S proliferation of na, ' ve CD4 H T cells. Immunity 



Books 



Miyajima A, Schreurs J, Wang H, Maruyama K, Gorman D Kovasu S Yahara I 

Stor^^ (1988 , ) Chara V^^^ 

ShTnfr„ T A l d vancesinlmmunopharmaco(ogy4. Proceedings of the 

Tourth International Conference of Immunopharmacology 87-93. 

Schreurs J Sugimoto K, Wang H, Nishida J. Heike T, Miyatake S Abe E 
Ninom.ya-Tsuji J Muramatsu M r Itoh N, Gorman D, Maruyama K Xie G ' 
K.temura T Hatake K. Hayashida K, deWaal Malefyt R, Shlomai J Yokota T Arai 
reSri.' Ara H N v (1 " 0) L y mph0kir1e ^P^signal transductton and 

Kitamurl T 1 ^ Gn^n'^F^ S ' l° kota K ' de Waa » M " w * R - Muramatsu M, 
mSKx I 1 Go J man D - Sato N . Hara T, Shlomai J, Yokota T, Miyajima A Arai K 

tneir receptors. Lymphokine Research, 9, 551-553. 
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4. Schreurs J, Gorman D, Miyajima A. (1992) Cytokine receptors: a new 
superfamily of receptors. Int. Rev. of Cytology 121-55. 

5. Miyajima A. Hayashida K, Itoh N, Schreurs J, Gorman D, Yonehara S, Yahara 

I, Takaki S, Takatsu K t Yokota T, Arai K, Kitamura T. (1992) Molecular structure 
of the receptors for GM-CSF, IL-3 and IL-5. Molecular Biology of Haematopoiesis 
119-30. 



Selected Scientific Meeting Presentations 

1 . Gorman D, Miyajima A. (1988) Expression of the EGF receptor cDNA in antigen- 
specific mouse cloned T cells: Down-regulation of the EGF receptor by T cell 
activation. J. Cell. Biochem. Suppl. Vol. 12a. c219. UCLA Symposia on Growth 
Factors and Their Receptors: Genetic Control and Rational Application. 

2. Gorman D, Itoh N, Schreurs J, Arai K, Miyajima A. (1990) Cloning of a cDNA 
homologous to the low affinity IL-3 receptor. J. Cell. Biochem. Suppl. Vol. 14e, 
p403. UCLA Symposia on Signal Transduction and Gene Activation in 
Development. 

3. Gorman D, Hara T, Miyajima A: (1993) Monoclonal antibodies specific for the 
alpha subunit of the mouse IL-3 receptor. J. Cell. Biochem. Suppl. Vol. 17b. 
e213. Keystone Symposia on Cytokines and Cytokine Receptors: From Cloning 
to the Clinic. 

4. Blom B, Ho S, Mattson J, Zurawski S, McClanahan T, Gorman D. Zurawski G.Liu 
Y-J. (1998) Two newly identified members of the TNF ligand superfamily 

specifically expressed on dendritic cells costimulate B cells. 5 tn International 
Symposium of Dendritic Cells in Fundemental and Clinincal Immunology. 
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Genbank Submissions 

1 . M29855, Mouse IL-3 specific beta receptor mRNA 

2. M34397, Mouse IL-3, GM-CSF, IL-5 common beta receptor mRNA 

3. M29854, Mouse IL-4 alpha receptor mRNA 

4. M38275, Human IL-3. GM-CSF, IL-5 common beta receptor mRNA 

5. M93722, M95501-M9551 3- Mouse IL-3 specific beta receptor gene 

6. M93429, M94136-M94148-Mouse IL-3, GM-CSF, IL-5 common beta receptor 
gene 

7. AF037261, Homo sapiens SH3-containing adaptor molecule-1 mRNA 

8. U9174B, Homo sapiens IL-10-inducible chemokine (HCC-4) mRNA 

9. U87948, Mus musculus hematopoietic neural membrane protein HNMP-1 mRNA 

10. U87947, Human hematopoietic neural membrane protein (HNMP-1 ) mRNA 

1 1 . U56145, Human thymic shared antigen-1/stem cell antigen-2 (TSA-1/SCA-2) 
mRNA ' 

1 2. AF031 826, Mus musculus leukocystatin gene, complete cds 

13. AF031825, Mus musculus leukocystatin mRNA, complete cds 

1 4. AF031 824, Homo sapiens leukocystatin mRNA, complete cds 

1 5. AJ400844, Mus musculus mRNA for immunoglobulin-like cell surface receptor 

FDF03 K 

16. AJ400841 , Homo sapiens mRNA for immunoglobulin-like cell surface receptor 

Patents 

1. 6,242,586. Gorman D, Mattson J. Mammalian cell surface antigens* related 
reagents 

2. 6,140,098. Balasubramanian S, Ford J, Gorman D, ZurawsW G. Nucleic acids 
encoding mammalian proteinases; related reagents 

3. 6,140,076. Adema G, Meyaard L, Gorman D, McClanahan T, Lanier L, Phillips J 
Ig superfamily *dlair receptors expressed in monocytes. 

4. 6,124,436. McClanahan T, Gorman D, Bolin L. Purified mammalian monocyte 
antigens and related reagents. 

5. 6,1 1 1,090. Gorman D, Randall T, Zlotnik A. Mammalian cell surface antiqens- 
related reagents. 

6. 6,069,229. Dowling L, Huffine C, Gorman D. Mammalian proteinases; 
oxidoreductases; related reagents. 

7. 6,503,730 Franz-Bacon K, Gorman D, McClanahan T. Nucleic acids encodinq a 
cysteine rich protein. * 
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8. 6.479,638 Adema G, Meyaard L, Gorman D, McClanahan T, Zurawski S, 
Zurawski G, Lanier L, Phillips J. Antibodies that specifically bind DNAX leukocyte 
associated immunoglobulin-like receptor. 

9. 6,525,180 Gorman D f Mattson J. Antibodies to mammalian T cell surface 
antigen. 

10. 6,518,405 Dowling L, Huffine C. Gorman D. Mammalian proteinases; 
oxidoreduclases; related reagents. 
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Abbas, Abui K. 

^^J? ^lOCul^ immunology /Abul K. Abbas. Andrew H. Lichtman, 
Jordan S. Pober.— 4tn sd. 
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4 Section I INTRODUCTION TO IMMUNOLOGY 



Table 1 ~ 1 Effectiveness of Vaccination for Some Common Infectious Diseases 




and biochemical terms, Iii this chapter, we outline 
the general features of immune responses and intro- 
duce the concepts that form the cornerstones of 
modem immunology and that recur throughout this 
book. 

INNATE AND ADAPTIVE IMMUNITY 

Defense against microbes is mediated by the early 
reactions of innate immunity and the later responses 
of adaptive immunity (Fig. M * n d Table 1-2). In- 
nate immunity (also called natural or native im- 
munity) consists of mechanisms that exist before in- 
fection, ore capable of rapid responses lo microbes, 
and reacn in essentially the same way to repeated 
infections*. The principal components of innate im- 



munity are (1) physical and chemical barriers, such 
as epithelia and antimicrobial substances produced at 
epithelial surfaces; (2) phagocytic cells (neutrophils, 
macrophages) and natural killer (NK) cells; (3)* blood 
proteins, including members of the complement sys- ' 
tern and other mediators of inflammation; arid (4) 
proteins called cytokines that regulate and coordi- 
nate many of the activities of the cells of- frjnatc 
immunity. The mechanisms of innate immunity, are 
stimulated by structures rhat are common to groups 
of related microbes and may not distinguish fine 
differences between foreign substances, innate im- 
munity provides the early lines of defense against 
microbes. The pathogenicity of microbes is, in pan, 
related to their ability to resist the mechanisms- of 
innate immunity. 
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Figure 1-1 Innate and 
adaptive immunity. 

The mechanisms of innate immunity 
provide the initial defense against 
infections. Adaptive immune re- 
sponses develop later and consist 
of activation of lymphocytes. Only 
selected mechanisms are shown; 
for example, the complement sys- 
tem, an important component of in- 
nate immunity, is not included. The 
kinetics of the innate end adaptive 
immune responses are approxima- 
tions, and may vary in different in* 
factions. NK, natural killer. 
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In contest to innate immunity, more highly 
evolved defense mechanisms arc stimulated by ex- 
posure to infectious agents and increase in magni- 
tude and defensive capabilities with each successive 
exposure to a particular microbe. Because this form 
of immunit y develops as a response to infection and 
adapts to the infection, ii is called adaptive immu- 
nity. The defining characteristics of adaptive immu- 
nity are exquisite specificity for distinct macromole- 
culeS' and an ability to "remember* and respond 
more vigorously to repeated exposures to ihe same 
microbe. Because of its extraordinary capacity to dis- 
tinguish among different, even closely related, mi- 
crobes and macromolecules, adaptive immunity is 
also called specific immunity, It is also sometimes 
•called acquired immunity, to emphasise chat potent 
protective responses arc 'acquired* by experience. 
The components of adaptive immunity are lympho- 
cytes and their products. Foreign substances that 
induce specific immune responses or are the targets 
of such responses are called antigens. 

Innate and adaptive immune responses are com- 
ponents of an integrated system of host defense in 
which numerous cells and molecules function coop- 
eratively. Two important links exist between innate 
immunity and adaptive immunity. First the innate 
immune response to microbes, stimulates adaptive 
immune responses- and influences the nature of the 
adaptive responses. Second adaptive immune re- 
sponses use many of the effector mechanisms of in- 
nate immunity to eliminate microbes, and they 
often function by enhancing the antimicrobial activi- 
ties of the defense mechanisms of innate immunity. 
We will return to a more detailed discussion of the 
mechanisms and physiologic functions of innate im- 
munity in Chapter 12. 

The concept that adaptive immune responses en- 
hance and "improve' innate immunity is also re- 
flected in the phylogeny of defense mechanisms 
(Box 3-1). In invertebrates, host defense against 



foreign invaders is mediated largely by the mecha- 
nisms of innate immunity, including phagocytes and 
circulating molecules that resemble the plasma pro- 
teins of innate immunity in vertebrates. Adaptive 
immunity, consisting of lymphocytes and antibodies, 
first appeared in jawed vertebrates and became in- 
creasingly specialized with further evolution. 

TYPES OF ADAPTIVE IMMUNE RESPONSES 

There are two types of adaptive immune responses r 
called humoral immunity and cell-mediated immu- 
nity, which are mediated by different components of 
the immune system and function to eliminate differ- 
ent types of microbes (Fig. 1-2). Humoral immu- 
nity is mediated by molecules m the blood, called 
antibodies, that are produced by cells called B 
lymphocytes. Antibodies specifically recognize mi- 
crobial antigens, neutralize the iufectivity of the mi- 
crobes, and target microbes for elimination by vari- 
ous effector mechanisms, Humoral immunity is the 
principal defense mechanism against extracellular 
microbes and their toxins because secreted antibod- 
ies can bind to these microbes and toxins and assist 
in their elimination. Antibodies themselves are spe- 
cialized, and different types of antibodies may acti- 
vate different effector mechanisms. For example, 
some types of antibodies promote phagocytosis, and 
others trigger the release of inflammatory mediators 
from leukocytes such as mast cells. Cell-mediated 
immunity, also called cellular immunity, is medi- 
ated by cells called T lymphocytes. Intracellular 
microbes, such as viruses and some bacteria, survive 
and proliferate inside phagocytes and other host 
cells, where they are inaccessible to circulating anti- 
bodies. Defense against such infections is a function 
of cell-mediated immunity, which promotes the de- 
struction of microbes residing in phagocytes or the 
lysis of infected cells, 

Protective immunity against a microbe may be in- 
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chapter I 1 



Introduction to the Immune Syste 



m 



Our environment contains a great varfey of in f ecti0U4 
microbe* - viruses, bacteria, fungi, protozoa and multi- 
• cellular parages. These can cause disease, and it they 
multiply unchecked rlley wjU eventually kill rheir host 
Most infections In normal individuals are short-lived 
and leave ktle permanent damage. This is due to the 
immune system, which combats infectious agents 

.Since mlrrr^nisms come in many different forms 
a wide vaneiy of imml ,ne responses am required to 
deal w.th ea, h type of infection. i n ^ first in«t,nee 
the exterior defend af thc bo dy praem fln 
barrier to nvwr organisms, and very few infectious 
.agents can pitoetraie inrncl skin (Ftg. 1.1). However 
many gain a.ces* :icros ,. lhc epirhdia of (he ans'tro! 
intestinal or urogenital tracts. Others can inferf ,he 
nasopharynx ..nd Jut*, a small number, such as malaria 
and hepatitis ft can only infect the body if ,l,ey enrer 
the blood riirf ctly. 

i» iPf *T 0/ thc infc<ition . U"-- 'TV of pauWcn 
lately determine which immune responses will* 

1 ' t'. , £ most ""Portant distinction is between 
those which invade the host's cells and those which do 




not. All viruses, some bacteria and some protozoan oar- 
asncs replicate inside host cell.,, and to cJe-.tr a„ £ 
'on, the unmune system must recognize and destroy 
*esc mfeced cells. Many bacteria and larger parS 
tae » tissue, body fluids or other cxtrailaf^ 
and the responses to these pathogens are «uite differ-' 
ew Dunns rhe course of an infection, however, vin^ 
and Other .n, ta ccllul,r pathogens must reach their^ 

Ifthf tilT m8 "* b!ood » nd fluid. 

At th,> tune ,j Icy are suscep,^ to e , f . 

immune system which normally counter extracellular 
parhogens Csec Hg. 1.2). iraicuujar 

•m^V " hapHtr int, ; otl i' tcs the elements of the 
immune system and of immune responses which are 

whah the .mmune system can fail, leading to 
i"«nunop.irhological reactions, and Uicm: are outlined ht 
.he second h a ,r „ ? me „ owevftr fc fc * « in 

strtta Hat rhe pr ,m a , y function of the immune system 
i.s ro eliminate infectious agents and r 0 minimiiie the 
damage they cause. mut tne 



ADAPTIVE AND INNATE IMMUNITY 



Any immune response involves, flrsrly, recognition of 
the pathogen or o*er foreign materS'. and Condlv 
mounnng ■ nation against it, u, eliminate it. Broadly 

into two categories: innate (or non-adaptivcj responses 
and adaptive immune responses. The important dlO^ 
encc between these is that an adaptive immune 
response * highly specific for a particular parogen 
Moreover, die response improve., with each Successive 
encounter with the same pathogen in effect the adap! 
nve immune system 'remembers' the infectious- agem 
m 7 ^f vent musing disease later. p£ 

example diseases such as measles and diphtheria 
induce adaptive immune responses which oenerate a 
bfc ong immunity following an mfeaion. The two kej 

SSSv^f 8 apUve hnmune IM »» n,e are thu > 

specificity and memory. 

Immune responses are produced primarily by leuco- 
cytes, of which there are several different types One 

s?u^T,if OUP ° f are Phagocytic cells, 

SVidi as the monocytes, macrophages and polymor- 
phonuclear neutrophils. They bind to microorganisms, 
internalize them and destroy them. Since they use prim- 

! Z?°T SP -f Cif,C KCO &™<™ s^ems. which allow 
them to bmd to a variety of microbial products they 
are mediating innate immune responses. In effect they 
act as a first line of defence against infection. 
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Another important set of leucocytes are the lympho- 
cyte*. These ceJJs are central to all adaptive immune 
responses, since chey specifically recognize individual 
pathogens, whether they are inside host cells or outside 
in ti e tissue fluids or blood. In fact there are several 
different types of lymphocyte, but they faJl into two 
basic categories - T lymphocytes (or T cells) and B 
lyuifhuvyU'b (or B cells). B cells combat extracellular 
path* igens and their products by releasing antibody, a 
molecule which specifically recognizes and binds to a 
pamVuiar target molecule, called the antigen. The anti- 
gen may be a molecule on the surface of a pathogen, 
or a toxin which it produces. T lymphocytes have a 
wider range of activities. Some are involved in the con- 
trol of B lymphocyte development and antibody pro- 
ducr on. Another group of T cells interacts with 
phagocytic cells to help them destroy pathogens they 
have raken up. A third set of T lymphocytes recognizes 
ceils infected by virus and destroys them. 



In practice there Ls a considerable amount of interaction 
between the lymphocytes and pfiagocytcs. For exam- 
ple, some phagocytes can take up antigens and show 
them to T lymphocytes in a form they can recognize, a 
process which is called antigen presentation. Tn turn 
the T iymphncyres release soluble factors (cytokines;, 
which acrivmc the phagocytes and cause rhem ro 
destroy rhe pathogens they have internalized. Tn another 
interaction phagocytes use antibodies released by H 
lymphocytes to allow them to recognize pathogens 
more effectively (Fig. 13). One- consequence of rhese 
interactions, is Unit most immune responses ro infec- 
tious organisms arc made up of a variery of innate and 
adaptive components, in the earliest stages of infection, 
innaro responses predominate, but later the lympho- 
cytes start to tfcneraie adaptive immune responses. 
'Ihey then remember the pathogen, and mount more 
effective and rapid responses should the individual 
become reinferred with thai agent. 




lymphocytes phagocytes 
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Selectin Blockade Prevents Antigen-induced 
Late Bronchia! Responses and Airway 
Hyperresponsiveness in Allergic Sheep 

WILLIAM M. ABRAHAM, ASHFAQ AHMED, JUAN R. SABATER, ISABEL T LAUREDO 

STwrT'EKS fPSirSS/ Hu ' a HSm, p. kogan. 

L ' SCOrf- RICHARD A. F. DIXON, EDWARD T. H. YEH, and PAMELA J. BECK 

Department ol Research. University of Miami al Mount Sinai Medical Center, Miami Beach, Florida- Deoartments of imm„rv,m™ «h 



Anugen challenge can elicit an allergic inflammatory response in the airways that involves eoslno- 
22 ^ST^ ' neutrophi,s and « "P"*** physioloflically as a late airway response (LAR) 
and airway hyperresponsiveness (AHR). Although previous studies have suggested thatETelectin 

t ST ^ ^ reSp ° nSeS ' * ,Wte information^Tning ^ rote S 
L-selecbn. To address this question, we examined the effects of Mrttrthg an lJJZ££ 
monoclonal arrtibody DUi-29, « well as three sma.l molecule selectin binding inhi^orl on S 

ZZZSH A ' ^ ™ SP °r S (EAR> ' WR a " d AHR ln a " er 9 fe undergoing e^y crS 
tenge wrth AjraTO^ antigen. Sheep treated with aerosol DU1-29 before antigen challenge had a 

EZT* rCdUe !l 1 ^ and dW " ot Postchalienge AHR. No protege effect was ^ 

^7 ^ «"* • ~mp«lrfc contro, monoclonal antibody. Treatment with DUlS 
also reduced the seventy of the EAR to antigen. Similar results were obtained with each of the three 
sma I. molecule ^lectin inhibitors at doses that depanded on their L, but not necesi^E etect^ 

a reduction m histamine release. Likewise, treatment withTBC-1269 reduced the number of neutro- 
ph,ls recovered m bronchoalveolar lavage (BAL) during the time of LAR and AHR. TBCi 26g a^£> 
m.n after anbgen challenge also blocked the LAR and the AHR, but this protection was lost Tthe 
^aunent was wtthhe.d until 4 h after change, a result consistent wfth th! p^osiScouL cJ 
L^etectm involvement In leukocyte trafficking. These are the first data indicating that S£n^£ 
™ IZ^fTt'- ftjnCl, ° n that m0du ' ateS '^"-induced pulmonary XZt~l£lZ 

hT'^ . , ' Y !* ' Beck W - fctartin blockade prevent. anUg^n-induced tote 

bronchial responses and airway hyp«rre.pon«iv.n.M in allergic sheep. 

AM I RES' IB COT PARE MtU IMfcllfclzoS^IZM. 



Airway inflammation |s thought to contribute to the chronic 
airway hypem<ponslveness of asthma. In the laboratory the 
development of late bronchial responses following inhalation 
Challenge with specific antigen may be the initial physiologic sign 
of tins inflammatory response. Late airway responses (LAR) 
are often followed by a prolonged period of alrwoy hyperre- 
sponsiveness (AHR). which reflects a continued inflammatory 
process initiated by this single challenge (1). The prncise mo- 
lecular events rhat Initiate and amplify Lhis antigen-induced 
inflammatory response have not been entirely defined, but the 



Wecciwdin original form June 2. I 998 and in revised form NamnOvr 3, 1998} 
Sponsored oy Texas Biotechnology Corporation. 

Coyciponctenec arM requests for recflmt should t» addressed to Or. wmiam m 
~ h9n >.£ B P»tnM"t of Research, UravarsTty of Miami at Mr. Sinai Medical 
Ccrucr. 4300 Alton l<d.. Miami Been, Ft 33U0. E-malh 
Am J Respcr Crit Can Med vol 159. pp 1205-1214. 1M9 
Internet address; www.atsj0urnals.or9 



accumulation and acuvadon of leukocytes in response 10 in- 
flammatory slimul! are part of a complex cascade of events 
that is dependent upon the binding of leukocyte and endothe- 
lial cell surface adhesion receptors. These adhesion receptors 
include the selecting several members of the lgG super family 
(vascular cell adhesion molecule fVCAMJ and intercellular ad- 
hesion molecule flCAMJ). together with the 01 and p2 Inte- 
grals (membrane attack complex (Mac-1], tvmphocyte.func- 
UOn-^ociated andgeo-1 TLFA-1J, and vciy late anUgen-4 
1VLA-4JJ. Thus, E-selecrln (endothellal-leukocyte adhesion 
molecule-l (ELAM-1J), VLA-4, VCAM-1. and ICAM-1 have 
all been implicated in the Inflammatory responses that follow 
allergen challenge, because treatment of experimental animals 
with monoclonal antibodies or small molecule Inhibitors 
against these adhesion proteins can block either the LAR the 
postchalienge AHR. or both (2-7). 

E-, L-. and P-selectln are adhesion proteins that are impor- 
tant in the initial processes modulating the trafficking ofleu- 
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Tnjatrncnt and Mods 
Of Administration 



30 mg TBC-265 ( aerosol) 2 

1 5 mg TBC-265 | aerosol) z 

10 TBC-1269 (aerosol) s 

4 mg TBC-1269 [aerosol) 3 
40 mg T3C-1 269 {terosolj 2 

3 mg/kg TBCO?69 (IV) 4 

10 mg 7BC-1 269 (aerosol) S 

10mgTBC^1269(ae^OSoJ5 A 

5 mg MfiPA (ACrosoO 2 
2.5 mg MDPA Ucrosol) 2 
1 mgMBpA (aerosol) 2 

10rngDU1-29(dor0Sol) 4 

10 mg MPS (aercKOi) A 



TABLE 1 

SUMMARY OF TREATMENT RESULTS* 



^imC Of Treatment 



30 min prior to challenge 
30 min prior to challenge 
30 min prior to challenge 
30 min prior to challenge 

2 h prior to choltengc 
15 mm poor to challenge 
80 min met challenge 

4 h artor chftirongv 
3Q min pnor to challenge 
30 min prior to challenge 
30 min prior to Challenge 
30 min prior to chollCnge 
30 min priqr to challenge 



£AR(%) 
+ Drug 



55 ± 21 



i 

193 ± 32 1 
91 ± 22' 
97 ± 24 T 
148 ± 12» 
100 ± 13' 
175-29' 
179 z 20' 
91 * 25' 
123 ^B 1 
127 * 2fl r 
71 ± 13» 
146 ± 14 1 



EAR (%) 
+ Vehicle 



LAR (%) 
+ Drug 



173 3:39 
199 = 37 
199 t 29 
247 ± 49 
<15^110 
172 ± 29 
111 - 41 
233 ± 33 
109 ± 59 
1B7 rt 4d 
195 ± 47 
1&4-20 
212 i 33 



16 ±6' 
1S0±23* 
36-L4 1 
8Sz9' 
4G J. 1S T 
18 iG 1 
18 tfl 1 
B8 2: 8* 
12±S f 
23 ± 4' 
81 =7' 
14 - A T 
118 m 1 



LAR (%) 

+ vchicte 



108 T 14 
112 i 27 
145 + 4 
135 + 21 
214 ± B3 

201 ± 4 
169 ± 36 
156+15 
130+ 13 
105 + 14 
112 + 14 
118 ±24 



PC Ratio 
+ Drug 



0.45 
0.44 
0.89 
0.54 
1.04 
0.97 
0,69 
0.43 
1.10 
1.01 
0.60 
1.02 
0,52 



PC fa tig 

+ Vehicle 



Ar^tr*?^ 

; VUu Bra me*, ^Lnd Jd^ ^ ""P™*"™* »"™ a 1 the dcvo.opmem of airway hy^^neo. * 

andg'an 2&n£ %SS%^^ , ~ *** Student's r test witn eat. indeed w compared wim r«u,« 



0.31 
0.60 
0,45 
051 
071 
0.50 
0.46 
0.45 
0.52 
0.42 
0.43 
0.43 
0.50 



W9lW0fPC 4Wl 



obtained after 



kocytes to arras of vascular trauma or inflammation. P-selec- 
tin (CD62P) is expressed upon the surface of activated 
platelets and endothelial cells, E-selectin (CDG2E) upon the 
surface of activated endothelial cells, and L-seiecttn (C062L) 
Is expressed upon the surface of eosinophils, neutrophils, 
monocytes, and lymphocytes. The initial step in leukocyte mi- 
gration from Mood into extravascular tissue is thought to be 
adherence to ihe surface of endothelial cells that line vessel 
walls. This irdiiaJ adherence is thought to be dependem on se- 
lecLin-mediated processes (8-10). Based on these data, we hy^ 
pothesized that treatment with selectin inhibitors should pre- 
vent the subsequent inflammatory events, i.e., the LAR and 
the AHR associated with allergen challenge. Partial support 
for this hypothesis comes from previous studies in primates 
that indicate that pretrealment with a monoclonal antibody to 
E-selecdn Works IAK (2). However, these studies did not as- 
sess the effeci of R-selectin blockade on the post-antigen- 
Uiduced AHR nor did they evaluate the effect of giving such 
drugs after antigen challenge. This tuning may be critically im- 
portanl because seicctlns are involved early on in the inflanv 
matory cascade Thus, one would speculate that seleclin inhib- 
itors need to b* given either before antigen challenge or soon 
after challenge (1-2 h) to show their maximal effect 

To test this hypothesis, confirm mechanism of action, and 
extend previous findings, we have utilized an anU-L-selertin 



blocking antibody and several small molecule selectin Inhibi- 
tors and evaluated the effect of these impounds in the sheep 
mode] of allergic bronchoconstriction (Jl). In this model, air- 
way challenge with specific antigen results in an early airwav 
response (EAR), o LAR, and AHR for up to 2 wk after chaf 
lenge {4, 1 1). Our results indicate that the anti-L-seleclin anti- 
body and small molecule seleclin binding inhibitors are able to 
block the LAR and AHR that follow antigen challenge in this 
animal model These changes are associated with a reduction 
in the cellular inflammatory response as estimated by bron- 
choalveolar lavage (SAL). 

METHODS 
Materials 

Tissue culture media. dlalyscd fetal calf serum (FCS). phnsphate^uflf- 
cred saline (PBS), and antibiotics were obtained from Life Sciences 
Inc. (Gaithcrsbtir^ MD) ^d FCS from Hyclone (Logan, UD The 
anti-L-jieleRrin antibody (SKll) w« purchased from Becton-DlcKIn- 
son (San Jose, CA), and anthL-sclceiJn antibody (DREG 56) and the 
Wotin^ted conjugate were purchased from Endogtm (Cambridge, 
MA). Th* DU1-2D hybrldoma was obUlllied from the American 
Culture Collection (RoLkvilJe, MD), and antibody used In experi- 
ments was purified from ascites as described subsequently The anri- 
P-selectln antibody (AC 1. 2) was purchased from Barton-Dickinson 
Unless specifically stated, other immunochemicals mm purchased 



Compound 
Name 

K8C-265 
IBC-1269 
MBPA 

j >ui -29 



M06 



TABLE 2 
SELECTIN INHIBITORS' 



IC^ Human 
E-5dectin 



ICfo Human 
P-Selsccln 



ICfo Human 
L-Sslectfn 



170 ?M 
150 nM 
105 

362 M 
No effect & 
so ^/mi 
HD 



InnlWcory 
Capacity 



t5«Ci1ptiori and/or 
Reference 



160 |iM 
173 nM 
17 nM 
489 
Ho effect ^ 
50 fLQ/mt 
ND 



193 nM 
177 \lM 
B7(iM 
115 nM 
0.3 ,tg/ml -2nM 

No effeci 8 
50 jLg/rnl 



0.08 
0.85 
1,21 
3.32 



122) 
(23) 
(12) 
(24) 

Anri-sh<i*p L-$ok>ajn 
antibody (23, 26) 
Nonspecific negative 

. contro l antibody 

- - 



821 
390 
006 
208 
"150,000 

* 150,000 
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from Calbinctem (San Diego, CA), Flexible 96 well assay plates and 
Probind 96-wdl EUSA plates were purchased from Falcon (Becron- 
Dickinson). 

Chefnica(5 

TBC-255 and TBC-1269 were synthesized a* described elsewhere ft 2, 
13). MBPA (f:K<t-methoxybenzoyl) propionic acid]) was purchased 
from Aldrich (Milwaukee, VVT). Stock solutions used for animal ex- 
periments weiv freshly prepared in sterile. pyrDgen-free 0.9% NaCl 
(VWR Scientific Products. West Chester. PA) ami wlica necessary 
adjusted to pH 7.3 wilh NaQH. 

Antibody Purification 

Mice were primed by IntraperlToneal Injection of 0.1 ml prisiane 7 to 
10 d prior to Intraperitoneal injection of 10* hybridoma cells express- 
ing DUI-29 amibody or MD6 antibody. Ten to U d after injection, 
peritoneal ascites fluid was evacuated by aspiration. After brief cen- 
trtfugatlon at 600 X g, ascites was frozen and stored at -60* C until 
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mouse IgC ww fractionated from asdtes by passing the diluted fluid 
(1:2 Into PBS) over a 10-ral protein G (Amersham Pharmacia. Bio- 
tech. Uppsala, Sweden) column and ulutmg as recommended by the 
manufacturer, Eluent was extensively dialyzcd against Ifl mM ammo- 
nium acetate (pH 7-5) and ryophllized. The amount of recovered anti- 
body was determined by ELI5 A using the procedures of Harlow and 
Lane (14). 

Animal Preparation 

Sheep weighing between 27 and 36 Kg that had previously been shown 
to develop both early and hie bronchial responses to inhaled Ascar/s 
smun antigen were conscious and were restrained in a modified shop- 
ping carl in diu prune position with their heads immobilized as previ- 
ously described (4, 11). After topical anesthesia of the nasal passages 
with 2% Kdocaine. a balloon catheter was advanced dm>ugh one nos- 
tril into the lower esophagus. The animals were intubated with a 
cuffed endotracheal tube through the other nostril wilh a flexible fi- 
beroptic bronchoscope as a guide. All protocols used in this study 
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were approved by the Mount Sinai Medical Center Animal Research 
Commits, which Is responsible for assuring the humane care and use 
of experimental animals. 

Measurement of Airway Mechanics 

Breath by brenlh determination of mean pulmonary flow resistance 
(Rl) was measured with th e esophageal balloon technique that has been 
described previously by us (4. 7). The mean of at least five breaths free 
of swallowing artifact, was used to obtain R,. in cm H 2 0/LA Immedi- 
ately after the Ktcasuremem of R L , thoracic gas volume (Vtg) was mea- 
sured in a conTOnt'VoIumc body plelbysmograph to obtain specific 
lung resistance (SR L = R L X Vtg) In liter X cm H ? CVL/s (4. 7). 

Aerosol Delivery System 

Aerosols were generated using a disposable medical nebulizer that 
provided an aerosol with a mass median aerodynamic diameter of 3,2 




* 3 4 5 A 7 
TIME (HOURS AFTER CHALLENGE) 




Pt* Cfadhns* 24 Hr Po«t Challana* 



Figure 2. Effect of aerosol treatment with TBC-12S9 on antigen- 
induced airway responses. Values are mean - SE for five sheep 
p < 0.05 versus control. M> Effect Of antigen challenge on the 

$™ 9 ™S\%*! n , 5hBep wfth and *»*nout treatment with TBC* 
1269. TBC-1269 (10 mg) was given as an aerosol 30 mln before 
challenge The compound significantly reduced the early and 
blocked the late antigen-induced fncreases In Sit (# Effect of aero- 
sol treatment wllh TBC-1269 on antigen-induced airway hyperre- 
sporaiveness m allergic sheep. A single 10-mg treatment with TBC- 
1269 before antigen challenge blocked the post-anUgen-induced 
airway hyperrespon^lvertess (i.e.. the fall In PC 400 ) 24 h later 



*ni as determined by a cascade tmpactor. The nebulizer was con- 
nected to a dosimeter system, consisting of a solenoid valve and a 
source nf compressed air (20 psi). The output of the nebulizer was di- 
rected imu a plastic T-piece, one end of which was connected to the 
inspiratory port of a respirator. The solenoid valve was activated lor 1 $ 
at the beginning of the inspiratory cycle of the respirator. Aerosols 
were delivered at a ridal volume of 500 ml and a rate of 20 breaths per 
minute (4, 7). r 

Airway Responsiveness 

Airway respoiisivcncsa: was determined from cumulative conccim-a- 
Uon-resporise curves to inhaler! carbachol as previously described (4 
7) SRf, wm measured Immediately after Inhalation of buffer and after 
each consecutive administration of 10 breaths of increasing concentra- 
tions of carbachol (0.25. 0.5. 1.0, 2.0. and 4.0% wl/vol PBS). The cu- 
mulative carbachol concentrauon (in breath units |BUJ) that in- 
creased SR,. by 400% over the postsaline value (PC400) was calculated 
from the dose-rcsponse curve. One BU was defined as one breath of a 
1% wt/vol carbachol aerosol solution (4, 7). 

BAL 

The distal Up of a fiberoptic bronchoscope was wedged into dirce ran- 
domly sducied subsegmental bronchi. Lung lavage was performed by 
mfuslon and aspiration of 30-ml aliquots of PBS (Sigma- pH 7 4) at 
39 C A different airway wa* used for each 30-ml aliquot (total 90 ml 
at each time poinl). The effluents were combined and strained through 
gauze to remove munis. The total number of cells was counted in a 
hemocytometer from a sample of unconcentrated lavage using phase 
microscopy The effluent was then centrifuged at 420 x ^for 15 min 
and the cell pellet was rcsuspuidud in A cyroccntrifuge separa- 
tlon was made and stained by YVright-Giemsa to Identify ceil popula- 
tions. Five hundred cells per .dide were enumerated to establish (he 
differential cell count (I00X: oil objccUve). Ceil categories included 
macrophages, lymphocytes, neutrophils, and eosinophils (4). 

Protocol {In Wvq Studies) 

AH studies were done In crossover fashion such that each sheep 
served as its own control. The same general protocol was used for all 
studies except that the dosage and time of treatment with the differ- 
ent inhibitors were varfcd. Details of the doses and routes of adminis- 
tration of the compounds are given in Table 1. This basic protocol 
consisted of obtaining baseline dose-response curves to aerosol car- 
bachol (i.e., PC^ Hu 3 d btfore antigen challenge. Then, on the an- 
ujjL'n chaiiimge day, baseline values of Sft L were obtained after which 
toe sheep were challenged with A suurn antigen. Measurements of 
5R L were obtained Immedialary after challenge, hourly from I to 6 h 
after challenge and on the half-hour from 6.5-8 h after challenge. 
Measurements of SR t . were obtained 24 h after challenge followed by 
the 24-h postchallenge dctcmanatJnn of PC l00 . Drug and vehicle con* 
trol trials were separated by at least 2 wk. 

Ami- Inflammatory Studies 

To assess the anti-inHammaiory capacity of TBC-1269. st* sheep were 
challenged on two separate occasions, once without (PBS: placebo) 
and nnce after pretreatmcnt (-0,5 h) with 10 mg TBC-1 2G9 acrosul in 
a nuidomi7ed crossover fashion. In these studies, a baseline BAL was 
performed before treatment and then 6.5 h and 24 h after antigen 
challenge Total cell and cell differential responses were expressed as 
cells/mi bvage return. In addiUon to the cell response, we measured 
ussue kalllXreln activity in BAL. which lias been previously shown by 
us to be a marker of InflammaUon (15). Tissue kaiiikrem was mea- 
sured in aliquot* (stored at -70° C until analysis) of the cell-free su- 
pernatant from each of die BAL samples using a modification of the 
procedure previously described by us (15). Briefly, tissue kailikrein 
was determined in unconcentrated samples from BAL using a micro- 
titer assa£ A volume of 150 ^1 BAL was incubated with 25 ul of 
IPX 5 Ji 8 *? 1 in ^ f^roxymethylj aminomethane [TrizinuJ 
buffer 0.05 M. P H 9-2) for 15 min at 37* C. Then, 25 u.1 of soy bean 
trypsin inhibitor (4 mg/ml in 0.1 M Trizma buffer, pH 8.2) was added 
followed by 100 iU of substrate DL Val-Leu-Arg p-nitroanilide (pNA) 
dissolved in Trizma buffer 0,05 M. pH 8.2. with 0.05% albumin and 
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incubated for 24 b in a humidified CO* incubator. The values were re- 
ported as the change In optica] density between zero and 24 h, mea- 
sured at a wavelength of 405 nM. All assays were done in duplicate. 

Histamine Release 

To determine whether TBC-1269 had an effect on mast cell degrami- 
laiion, six sheep were challenged with antigen on two separate oc- 
casions, once without (PBS; placebo) and once after pretreaiment 
(-0.5 h) wilh 10 mg TBC-1269 aerosol In a randomized crossover 
rashion. In thev? studies, a baseline BAL (one 30-m! aliquot) was per- 
formed before treatment and then 30 min and 60 min after antigen 
challenge. The lavage return was cenirlfuged to remove the cells, and 
aliqnotS of the Mipernatanrs were analyzed fnr histamine using a rom- 
murciaUy available enzyme immunoassay kit according to the manu- 
facturer's instructions. The sensitivity of the assay Is 0.5 nM. Samples 
were done In duplicate (Immunotech, Marseille. France). 

Statistical Analyses 

For all airway tticchartics studies, all probabilities were determined us- 
ing two-tailed, unpaired, heteroscedastic Student's t tests performed 
using Micrpsull Excel version 5.0a. NunptiruineiiiL Statistics were 



used to analyze the BAL ceil results. For the ceil responses. Fried- 
man's two-way analysis of variance was used to determine overall ef- 
fects followed by WilcOxon's test to distinguish differences at Individ- 
ual lime poinis (two-tailed). For the tissue kallikrcin measurements, 
the data were log, & transformed and then analyzed by a two-way anal- 
ysis of variance to determine overall effects. Differences at Individual 
lime points were determined by paired r test (two-taikd) (Sysut for 
Windows, Version 5; SYSTAT, Inc, Evanston, IL). Tne histamine re- 
sults were also log 10 Lransformed and ihen analyzed by paired rtest- 
Because the functional results suggested that mediator release was in- 
hibited after treatment, we used a one-tailed test to determine Signifi- 
cance (16). 

RESULTS 

The inhibitors discussed In the text together wilh the in vitro 
efficacies that were determined for inhibition of human selec- 
tin binding and the physical descriptions of the compounds or 
references detailing those descriptions are listed in Table 2. 
As illustrated, each of three low-mo lecular-weighl inhibitors 
blocks all seJectlns. but each has a different ratio of E:L selec- 
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Figure 3. Effect of TBC-1 269 when administered after antigen challenge. Values are mean ± SE. *p <: 0.05 versus control. {A) When TBC- 
1 269 (1 0 mg) was given 90 min after challenge (n = 5), it provided significant protection against the late increases in 5R|. and (fy antigen- 
induced airway hyperresponsiveness. If treatment was withheld until 240 min after antigen challenge, (C) this protection against the late 
increases in SR^ and (D) antigen-induced airway hyperresponsiveness was lost (n = 4). 
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Figura 4. Effect of aerosol treatment with MBPA when administered bGfore antigen challenge. Values arc mean jl SE. "p < 0-05 versus 
control, Effect of antigen challenge on the changes in SRl in Sheep with and without treatment with MBPA. MBPA (2.5 mg; n = 2) was 
given as an aerosol 30 min before challenge. The compound significantly reduced the early and blocked the late antigen- induced in- 
creases in SRt- (B) Effect of aerosol treatment with MBPA on antigen-induced airway hyperresponsiveness in allergic sheep. A single 2.5-fng 
treatment with MBPA before antigen challenge blocked the post-antigen-induced airway hyperresponsiveness (i.e., the fall in PC 400 ). 



tin inhibitory activity based on the values of the concentration 
that inhibits binding by 50% (IC^ for the respective se lectins. 
As will be shown, these ratios are predictive of the doses of 
the different inhibitors necessary to show activity in the in 
vivo experiments, i.e., as the K:L selectln inhibitory ratio in- 
creases, the dose of compound required to give protection 
against the pathophysiological endpomts Tails. AJso shown are 
the studies that demonstrate that a commercially available 
anti-sheep L selectin antibody, DUl-29, is able to recognize 
and inhibit human L-selectin binding to sheep neutrophils, 



whereas the control antibody, MD6. which does not recognize 
L-seleelin, does not Inhibit binding. 

Initial i/) vivo studies indicated that pretreatment with 30 
nig, but not 15 mg. aerosolized TBC-265 significantly reduced 
the EAR and blocked the LAR after antigen challenge (Fig- 
ure 1A and Table 1). Although the 30-mg dose of TBC-265 
was effective in blocking the LAR, there was no subsequent 
effect on the 24-h AHR as evidenced by the fall in the PC 4TO 
(Figure IB), 

A similar scries of experiments were than conducted with a 



g □ Control 
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Flgurs 5, Effect of aerosol treatment with a specific antibody to sheep L-selectin (DUl-29) on antigen-induced changes when adminis- 
tered before untigen challenge. Values are mean r. SE for four sheep, *p < 0.05 versus control. (A) Effect of antigen challenge on the 
changes In SR L In sheep with and without treatment with DUl-29. OUV29 (10 mg) was given as an aerosol 30 min before challenge. The 
antibody significantly reduced the early and blocked the late antigen-induced increases in SR^. (fl) Effect of aerosol treatment with DU1 -29 
on antlgen-imiuced airway hyperresponsiveness in allergic sheep. A single 10-mg treatment with QUI -29 before antigen challenge blocked 
the post-antlgun-fnduced airway hyperresponsiveness (i.e„ the fall in PC 400 ). 
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second, structurally related selectin inhibitor. TBC-1269, lhaL 
displayed greater in vitro ability to Inhibit E-. P- ( and L-selec- 
tin binding. As predicted from the in vitro 1C 50 values, a lower 
dose (10 mg) of TBC-1269 administered as an aerosol to the 
sheep 30 min before antigen chaUenge. significantly reduced 
the EAR and blocked the LAR (Figure 2A). However, in ad- 
dition to inhibiting the LAR, treatment with TBC-1269 also 
blocked 24-h AHR (p < 0.02) (Figure 2B). The protective ef- 
fects of TBC -1269 were lost if the dose was reduced (4 mg/ 
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sheep, Table 1). We found that the pretreatment time for neb- 
ulized TBC-1269 could be extended to 2 h. if the dose was In- 
creased appropriately (I.e.. four times the 30-mIn pretreat- 
ment dose) and that TBC-1269 was also effective in blocking 
the three physiologic endpoinis, EAR. LAR. and AHR when 
administered intravenously at 3 mg/kg (Table 1). 

Because selectin expression and activation are part of the 
initial inflammatory event, one would expect Lhat treatment 
with TBC42G9 should be effective if given after antigen chal- 
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Figure 6. Effect of aerosol treatment with TBCM269 on antigen- 
induced leukocyte accumulation in SAL from allergic sheep. When 
sheep were given a single 10-mg aerosol dose of TBC-1269 (dark 
bars) 0.5 h before antigen challenge, there was a decreased cellu- 
lar response as compared with saline-treated sheep {Hght bars), 
Values are mean ± SE for six sheep. m p < 0.05 versus placebo; 'p < 
0.10 versus placebo; + p < 0.05 versus baseline; *p < 0.05 versus 
6.5 h postamigen. 
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lenge provided that the time of treatment was In close proxim- 
ity lo the challenge. Figure 3 shows die effects of 10 mg of 
TBC-1269 given by aerosol cither 90 min or 240 mm after anti- 
gen challenge. Treatment at 90 min postchallenge effectively 
inhibited both LAR and the 24-h AHR, but the protective ef- 
fect on the LAR and the 24-h AHR was lost If the compound 
was administered 240 min after challenge. 

The collective data from the in vfrm studies included in Ta- 
ble 2, the inci eased in vivo efficacy of TBC-1269 as compared 
willi TBC-265. and the ability of both molecules to reduce Lhe 
EAR make il likely lhat the primary target of these molecules 
is either P- or L-selectin, rather than E-seJecrin, which is maxi- 
mally express (h! 2 to 4 h after the Initiation of the inflamma- 
tory response. To investigate this further, we next tested a 
small molecuk* selectin binding inhibitor that was 2- to 3-fold 
more effectivr at blocking L-selectin than either P- or E-selec- 
tln binding to sialyl-Lewis (sLe x ) glycoliplds (Tabic 2), As ex- 
pected, based on the relative molecular mass (M f ) and In vitro 
efficacy data, both a 5-mg and a 2.5-mg dose of MBPA aerosol 
administered min before challenge gave a profile similar to 
TBC-1269, significantly Inhibiting all three allergen-induced 
responses (Fi(Tures 4 A and 4B, and Table 1). The protection 
was lost if the dose of MBPA was reduced to 1 mg (Table 1). 

Although ( he data with the small molecule inhibitors sug- 
gest lhat L-selectin is the primary target for these small mole- 
cules, more a inclusive evidence is provided by the tast series 
of studies where the sheep were treated with the anti-sheep 
L-selecrln antibody, DU1-29. As expected from the data with 
the small molecule Inhibitors, 10 mg DU 1-29 given 30 min be- 
fore challenge as an aerosol significantly reduced the EAR 
and completely blocked the IAR and AMR after antigen 
challenge (Figures 5 A and SB). Treatment with a control anti- 
body. MD6, had no effect on these parameters (Table 1). 

Antiinflammatory Activity 

Figure 6 illusi rates the anti-inflammatory capacity of TBC- 
1269. Pretreatment with 10 mg TBC-1269 resulted in an over- 
all decrease in the total number of recoverable cells/ml in BAL 
(p = 0.013), nHutrophils/ml (p - 0.004), and macrophages/inl 
(p = 0.014). Numbers of lymphocyte and eosinophils were 
also reduced, but overall these changes did not achieve statis- 
tical significance. Although most cell types showed differences 
between drug and placebo 24 h after challenge, the neutrophil 
response was significantly (p < 0.05) suppressed at 6.5 h and 
24 h after challenge in the treatment trial, when compared 
with the placebo trial. 

Consistent with the reduction in the cellular response, 
there was also a reduction in the tissue kalllkrein activity in 
BA1 , from the treated animals. Pretreatment with TBC-1269 
resulted in a significant overall decrease (p = 0.007) in BAL 
tissue kailikrelrt levels compared with the placebo trial (Figure 7). 

Histamine Release 

The reduction of the peak EAR observed after pretreatment 
with TBC-126f) indicated that the compound may provide 
some inhibitor/ effect on mast cell mediator release. Analysis 
of BAL histamine levels at 30 min after challenge only showed 
detectable incnases (> 1 nM) in two of the six controls. None 
of the treated animals had detectable concentrations at this 
time. One hour after challenge, histamine levels were in* 
creased in four of the six sheep In the placebo trial, whereas 
none of the animals in the treatment trial showed detectable 
increases. Median histamine levels were 1 nM for both groups 
before challenge. One hour after challenge, median histamine 
levels increased to 20,7 nM (range 1 to 100 nM) in the control 
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Figure 7. Effect of aerosol treatment with TBC-1269 on antigen- 
induced increases in BAL tissue kailikrein. When sheep were glvon 
a single 10-mg aerosol dose of TBC-1269 {dark bar$ 0.5 h before 
antigen, there was a decreased response as compared with the sa- 
line-treated control animals (fight bars). *p < 0.05 versus placebo; 
+ p < 0.05 versus baseline; & p < 0 05 versus 6,5 h postantigen. 



trial, whereas in the treatment trial, the values remained at I nM 
(range 0;p = 0,0375). 

DISCUSSION 

The results of this study provide novel evidence that small 
molecule selectin binding inhibitors can significantly reduce 
the EAR, the LAR, and the 24-h AHR lhat are Induced by 
antigen challenge in allergic sheep. Specifically, this protective 
effect appears Lo be a function of inhibiting L-selectin because 
the nonoligosaccharide sLe* mimetic, TBC-1269, and the smaller 
carbohydrate-free compound, MBPA, are more potent L- than 
E-selectin inhibitors and because this protection can be repro- 
duced with an anti-L -selectin antibody. The additional evi- 
dence showing a reduction in histamine release during the 
EAR with TBC-1269 provides novel evidence that L-selectin 
binding may also influence mediator release. 

Earlier studies have indicated that selectins are Involved in 
allergic Inflammation (2, 8, 17). Circulating E-selcctln levels 
were significantly raised In patients with acute asthma when 
compared with concentrations in patients with stable asthma, 
atopic normal, or nonatoplc normal volunteers (17). E-selec- 
lin was detected in biopsy specimens by immunolocalizattor 
in the bronchial sub mucosa of asthmatic subjects with airflow 
limilaliuri (18), and was increased in skin biopsies from aller- 
gic subjects taken 3 to 6 h after intradermal injection of spe- 
cific antigen. Tliis expression correlated wltii the development 
of Inflammatory cell infiltrates (8). Likewise, airway allergen 
challenge in primates resulted in increased expression of E-selec- 
tin exclusively on vascular endothelium 6 h after challenge (2) , 
aL which time the animals had an increase in BAL neutrophils 
and a LAR. The antigen-induced LAR and the neutrophil In- 
flux were blocked by prehearing the primates with an antl-E- 
selectin antibody. The effect of blocking E-selectin on post- 
aniigen-induced AHR was not studied in these primates, but 
was examined in mice where P-selectin-defident mice, sensi- 
tized to ovalbumin were found to exhibit less airway respon- 
siveness and cell trafficking following ovalbumin challenge 
than did wild-type mice (19). The results of the present study 
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extend the previous findings by suggesting that L-selectln plays 
an Important role In modulating antigen-Induced responses. 
The protection against these physiologic endpoints obtained 
with lower doses of TBCM269 and MBPA (better L- than 
E-selectin inhibitors) as compared with TBC-265 (better E- than 
L-selectln Inhibitor) suggests that L-selectln is the primary tar- 
get for these ;,mall molecules when given before antigen chal- 
lenge. That similar results were obtained after treatment with 
the anti-sheep L-selectln antibody. DU1-29, confirms the role 
of L-selectln 1n these events. These data, however, do not rule 
out the possible contributions of E- and/or P-seJcoin. For ex- 
ample, the experiments showing that TBC-1269 was effective 
in blocking the LAR and the AHR when given SO inin afler 
antigen challenge, but not 240 min after antigen challenge, are 
consistent with the molecule's inhibitory profile (i.e., E-selec- 
tin blocker) and the time course or E-selectin protein expres- 
sion. The experiments showing protective effects of TBC-1269, 
when given 9t) min after challenge do. however, demonsrraxe 
that inhibition of the LAR and AHR with TBC-1269 is nor de- 
pendent on a reduction in the early antigen-induced response 
(jeeFigurf>s3Aand3B). 

The abiliry of UU1-29 and TBC-1269, when given before 
antigen challenge, to modify the EAR. provides new data on 
the putative role of L-seleclin in the modulation of allergic 
airway responses. That inhibition of L-selectin binding can re- 
duce acute anligen-induced cell activation is new, but is con- 
sistent with pievious findings in this animal model using anti- 
VLA-4 Inhibitors (7). Based on the physiologic response to 
antigen in ihi* presence of these L-seleclin Inhibitors nno 
could specula! « that binding of L-sclccUn affects signal trans- 
duction in a way that reduces the initial cellular respoase to 
antigen. The finding that BAL histamine levels obtained dur- 
ing Lhe EAR were reduced in treated animals supports litis hy- 
pothesis. J 
The lavage data obtained with and without TBC-1269 pre- 
treatment confirm the Inhibitory effect on recruited leuko- 
cytes with the i realed animals showing a reduction in the num- 
bers of Inflammatory cells recovered In BAL. Our result of 
decreased neuirophll numbers at 6.5 and 24 h after challenge 
confirms and extends the findings with primates using an 
E-selectin antibody. Our current results support our previous 
findings in sheep in which we demonstrated that the develop- 
ment of the LAR and AHR is dependent on the Influx of acti- 
vated granulomas into the airways (20). Our previous work 
has also shown mat Increases in BAL tissue kalilkreln activity 
are associated with airway inflammation during the LAR and 
the post-antigttn-induced AHR (15). Here, we show for rhe 
first time that a seJectin inhibitor blocks the antigen-induced 
increases in tissue kallikrein activity in BAL, a finding consis- 
tent with the anti-inflammatory activity of dicse molecules. 

Although present upon the surfaces of leukocytes rather 
than endotheh;*! cells, the role of L-sclccUn in the develop- 
ment of allergen-induced response may be quite similar to 
that hypothesized for E-selectin. In fact, because sLtf-modi* 
fled L-selectin has been shown to be a ligand for E-selectin 
(21), it is possible that blockade of L-selectin might also result 
in blockade oJ E-selectin under some circumstances. How- 
ever, since E-Sf lectin has also been shown to bind to other gly- 
coprotein liganrts. this dual selcctin blockade would probably 
be a disease- and tissue-specific phenomenon. Nevertheless, 
our results indicate that the physiologic abnormalities indica- 
te of asthma nan be modulated by inhibiting the binding of 
either L- or E-selectin to their natural cell-associated ligands. 

The results of this study provide the first evidence that 
aerosol administration of an L-selectin antibody or small mol- 
ecule selectin inhibitors provides adequate protection against 



1213 

antigen-Induced airway responses. Previous studies in this 
model have demonstrated similar efficacy using aerosol deliv- 
ery for both monoclonal antibodies (4) and small molecule in- 
hibitors to VLA-4 (7). The results of this study confirm and 
extend these previous observations and provide further evi- 
dence thai local administration of such agents is a viable route 
for therapeutic administration of this class of compounds. 

It I$ important to note that, while blocking effects of rhe.se 
agents are important to establish the rote of selectms in aller- 
gic responses, the data in Table I showing dose-dependent ef- 
fects of the different compounds on the physiologic responses 
as well a 5 the inability of the control antibody (MD6) to block 
the EAR, LAK, and AHR, are important experiments as well 
These negative studies indicate that appropriate drug levels of 
active compounds must be achieved for the desired effect and 
that Inactive compounds do not give false-positive responses 
in the model. 

In summary, wc have presented evidence that blockade of 
selectin binding can prevent the pathophysiological responses 
to allergen inhalation. These findings suggest that blockade or 
L-selectin may provide the basis for a novel therapy to control 
the acute pulmonary inflammatory response in experimental 
asthma. 
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Effects of a selective phosphodiesterase IV 
inhibitor (CD P -8 40) in a leukotriene-dependent 
non-human primate model of allergic asthma 

TM. Jones, M. McAullffe, c.S. McFarlane, H. Pieehuta, O. Macdonald, and 
laW> Rodger 



Abstract The activity of CDP-840, a novel, selective phosphodiesterase IV inhibitor was determined in a 
Icukotricnc-dcpcndcnt non-human primate model of allergic asthma. Measurements of specific airway resistance (sKaw> were 
recorded m a dual Camber pletbysmogntpb for 1 h and 3-5 h after challenge of allergic conscious squirrel monkeys with an 
™l of Mean, antigen Orally administered CDP-840 (10 m$/kg; I h before challenge) produced partial inhibition (4 1 and 
45%, respectively) ol both the acute (1 h post antigen) response and the late (3-5 h post antigen) response tu umigen but ruled 
to alter the response to an aerosol of leukotriene D 4 . In a second series of experiments, intravenous CDP-840 (5 mg/Jcg' 
30 ram before challenge) showed improved potency, producing B2% inhibition of the early and 5 1 % inhibition of the late 
phase response. CDP-K40 was inactive when tested intravenously a! 1 aig/kg acid was inactive against the 3-5 h response 
when administered after the early phase response (5 mg/kg; i.v. 60 min post antigen challenge). The novel phosphodiesterase 
IV inhibitor CDP-840 selectively inhibited antigen-induced biundtocgn$tridioQ in conscious squirrel motikty*. This effect 
appears to be independent of any direct hronchodjlator action. It is concluded that the activity of CDP-840 in this model may 
he due to an inhibitory effect nn mediator (e.g.. leukotriene) release. 

K* y word*: selective phosphodiesterase IV inhibitor, CDP-840, antigen-induced bruuehoconstriction, non-human primate. 

Resume ; L'msliviuS tiu CDP-840. un nouvel inhibitcur sclcctif dc la phosphodicste-rase IV, a 6i€ de*teniiin£e dans un modeic 
dasthmc allcrgiquc dependant des Icucotricnes chez des primates non humains. Dec metres spcciriques de la resistance des 
voies afiriennes (/?va) om G6 faites dans un plelhysmographc a deux chambrcs, pendant 1 h et 3-5 h apr&s ime provocation par 
un aerosol d'antigene ascana chez des singes ecureuUs conscients, aliergiques* Le CDP-840, admini^rn* pgr vote orale 
(10 nig/kg; 1 h pre*-antigenc), a provoque' l'lnhibition parrielle (41 et 45%. respectivemem) Unt de la reponsc aigve" ( 1 h 
post-anrjgene) que dc ]a rfponsc tardive (3-5 h post-antigene) a I'antigene, mais n'a pu modifier la reponsc a un aerosol de 
Icucotricnc D«. Dans unc sccondc sdrie d' experiences, le CDP-840, administre pnr vpie intravcinense (5 ing/kg- 30 min 
pnS-anugene) a montre une plus grande puissance, imhrisant unc inhibition de 82% de la response en phase initials ct 51% dc la 
reponse en phase tardive. Le CDP-R40 a £tc inactif lorsque test* par voie intraveineuse a 1 my/kg, et H a <5u< inoctif centre la 
repense 3-5 h lorsqu'adininisrrS apres la phase initiate (S mg/kg; i, v. 60 rain aprfcs la provocation antifjenique) Le nouvel 
iniubiteur de phosphodiesterase IV, CDP-840, a inhibe de manicrc selective U bronchoconstriction induice par un antiacne 
chez des singes ecunsuils conscients. II scmblcraitquc cct cttet soit independant d'une action bronchodi lata trice directe On 
eonelut que Paerivitd dc CDP-S40 dans ce modele pourrait Sire due a an effct inhibitcur sur In liberation de m&liateurs fp ex 
les ieucotrienes). F * 

humtd!?* 1 inWbiteUf saecQf dft ,a P hos P^dies^rasc IV, CDP-S40, bronchoconstriction induite par un antigene, primate non 
[Traduil pur la Redaction] 



Introduction 

Ancigen-int;uccd acute and late phase responses, airways hy- 
perresponsiveness (AHR), and pulmonary inflammation are 
events that are consistently associated with atopic asthma 
(Barnes I9fc9). It is now generally accepted that the presence 
of chronic inflammation in the airways exacerbates the re- 
sponses to allergic and non-allergic stimuli by altering the in- 



herent responsiveness of lung tissues. The clinical efficacy of 
anti-inflammatory corticosteroids provides strong support For 
the importance of underlying inflammatory processes in the 
pathophysiology of asthma. Studies in a variety of animal 
models suggest that selective phosphodiesterase fl>DE) IV in- 
hibitors may have steroid-like actions and thus may prove 
. beneficial in the therapy of asthma (Torphy and Undem 1991 ; 
Gozzard et al. 1996). Information from a variety of in vitrei 
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(Giembycz and Denl 1992; Qian ct al. 1994; Hughes ct al. 
1996} and in vivo {Underwood et al. 1993, 1994; Holbrook et 
al. 1996; Hughes ct al. 1995, 1996) animal studies With both 
selective am! non-selective phosphodiesterase inhibitors support 
a role for PDE IV isozyme as an important therapeutic target, 
A major drawback in this area of drug development is the 
absence of esearch animals with clinical asthma per se. How- 
ever, there tire a number of models of asthma that have been 
developed in non-human primates (Patterson and Harris 1978; 
Patterson ct al. 1988; McFarlane ei al. 1987; Turner et al. 

1994) . These non-human primate models are particularly use- 
ful since thuy display distinct characteristics that, in many 
ways, mimic those observed in atopic human asthmatics. For 
example, asearis-sensitive squirrel monkeys (Saimiri sciureus) 
have been important in the development of drugs that modify 
the synthesis and actions of leukotrienes {Brideau et al. 1991; 
Jones et al. I9S9, 1995). We have recently extended our stud- 
ies in this model and have established a non-invasive, double 
plethysmography technique for studying the ieukotriene- 
dependent rarly (E) and late (L) phase bronchoconstriction to 
aerosolized dscaris antigen (McFarlane ct aL 1994; Jones et al. 

1995) . Immediate bronchoconstriction and late phase obstruc- 
tions are ch.iractejristic features of atopic asthmatics, and there 
is now overwhelming evidence for the involvement of leuk- 
otrienes in these responses (Creticos et al. 1984; Tagari et al. 
1990; Manning et al. 1990; Rasmussen et al. 1992). The ob- 
jective of the present study was to examine the activity of 
CDF-840 (Hughes et al. 1996), it novel, selective PDE IV in- 
hibitor in ibis lcukotricnc-depcndcnt non-human primate 
model of allergic asthma. 

Methods 

Animal core 

All animals and procedures employed in these studies were conducted 
in strict accordance with the principles and guideline? of the Canadian 
Council on Animal Care and with the approval of the insritutional 
Animal Care Committee. 

Supply and (raining of squirrel monkeys 

Male squirrel monkeys (Saimiri sciureus), weight range 1.0-1.2 kg, 
were obtained from the Primate Import Corp., Fort Washington, NY 
(Charles Rivi r Research Primate Corporation). The animals were in 
good health and free of parasitic infections, and all had negati ve tests 
to mbcrculopiotein. The monkeys were trained to sit in restraining 
chairs, which allowed complete freedom of the hands and legs. The 
chair was constructed of metal equipped with a vertically adjustable 
seal and a horizontally mounted plastic plate with a hole 80 mm in 
diameter, through which the head of the animal protruded. A second 
adjustable ph.tc, shaped to fit the contour of the neck, was mounted 
dh the horijontal plate and served as a collar to prevent the monkeys 
from pulling iheir head through the hole while m the sitting position. 
Id i addition, a loosely fitted curved head holder (1 80 x 40 mm) ijaed 
with foam mbher (15 mm thick) was mounted on the back of die chair 
and served to support and cushion the animal's head. Animals were 
conditioned ever a period of several weeks to sit in the chair and 
breathe in a i ylindrically shaped face mask, after which they were 
placed into an exposure chamber for adaptation to the manipulative 
procedures foi drug and aerosol administration. 

Screening protocol for skin reactivity 

The monkeys used were initially mtaneoudy Screened for sensitivity 
laAscaris suvm antigen with dilutions of the antigen extract cootain- 



2-1 

ing approximately 220 000 protein nitrogen units/mL (PNU/mL) Fjr 
assessment of skin reactivity to intradermal injection of dilutions 
Ascaris suum extract, monkeys were anesthetized with ketamine hy- 
drochloride, 25 mg/kg i.m. The animal was placed in a supine posi- 
tion, and abdominal and chest areas were shaved and washed A 
volume of 0.5 mUkg of Evans blue dye, 0-5%, was injected iatravi- 
nousJy, and a period of about 5 to 10 ruin was allowed before intra* 
dermal injections were started. Dilutions of antigen of MO MOO 
1:1000, 1 : 10000, 1 : lOOOflO.and 1 ; 1 000 000 and saline as control 
were made. A total volume or 50 pL of antigen was injected intruder- 
rnaUy at a different site for each dilution. Reactions were recorded ,n 
millimetres and arbitrarily scored at 10 and 30 min. Monkeys with 
positive skin reactivity at dilutions of at least 1:1000 were u.sud for 
pulmonary function studies. 



Measurement of specific airway resistance (sfiaw) 
The apparatus used consisted of a dual rectangular thoracic plethys- 
mograph and a cylindrtcally shaped nasal plcihysmograph developed 
in collaboration with Buxco Electronics Tnc. (Sharon. Conn.). Tim 
thoracic plethysmograph was constructed of 1,25 cm transparent 
polycarbonate with inside dimensions 35 cm high x 27.5 cm long X 
17.5 cm deep with a dead-space volume of 1 1.8 L. Tnc nasal plethys- 
mograph wars made nf clear acrylic plastic and measured 19.4 cm long 
with an inside diameter of 5 cm and a dead space of 0.4 L and was 
hooked up to a sealed accessory chamber of i 1.4 L via a side arm. 
Each plethysmograph was equipped with pons for a calibrating sy-- 
inge, a bias aiT flow pump with long inlet tubing of high resistance 
(Buxco Electronics Inc., Sharon. Conn.), a pneumotachograph, 325 
mesh, stainless-steel screens (Buxco Electronics Inc.), a liigh sensitiv- 
ity Validyne transducer, model DP-45-14, range ± 2 cmn 2 0 
(Validyne Engineering Corp., Nnrthidgc, Calif.), and airtight Jalex- 
rubber nasal and neck diaphragm seals. In addition, a fast response 
digital tcmperature-humidiguide, Taylor, model 5566 (Cooieau 
Technique, Montreal, Que.), was mounted on the door of the thoracic 
chamber to continuously monitor changes in temperature and humic- 
Uy inside the thoracic chamber. A separate digital temperature probe, 
model THK-6000, rype-K (Comeau technique), was inserted into the 
nasal plethysmograph to register temperature changes within the 
chamber. The nasal plethysmograph was also equipped with a port 
that was opened for aerosol delivery of drugs via a T-shaped vaJvc. but 
wasclnsed during specific airway resistance measurements. Aerosol* 
izcd solutions were generated (1-5 pun particle size) by a DcVilmss 
ultrasonic nebulizer, model 25C (The DeVilbiss Co.. SomerscL, Pa. \ 
and were delivered into the nasal chamber at a flow rate of 2 L/min 
tor 5 min with the aid of a DeVilbiss Pulmo-Aide pump, model 561 
scries. A nou-rebreathing valve plastic ball (1.5 g) located oh ths 
nasal plethysmograph opened when the monkey exhaled and closed 
on inhalation, rhythmically, during aerosol administration. J n addition. 
Lwo built-in T-shaped valves in front of the nasal pneumotachograph 
and the Validyne transducer, respectively, were closed during 
aerosoHzation to prevent aerosol particles from entering these de- 
vices. Similarly, a built-in valve in the arm connecting the nasal clum- 
ber to the accessary- volume chamber Was closed during ucrosnl 
delivery. The concentration of CO* in the expired breath of the mon- 
keys was measured continuously with a fieckman Instrument !.ft-> 
Medical Gas Analyzer (Summit Technologies tnc . Twimm. Om i 
from a port in the nasal plethysmograph in order io momtoi cm.l-.smvc 
buildup of CO a and the possibility nf rcbrcarhing. 

To measure thoracic and nasal volume changes, the trained con- 
scious squirrel monkeys were seated in the volume-sensitive thoracic 
plethysmograph with their head protruding though the fitted latex 
rubber collar, which formed an airtight seal around the acck. The door 
to the chamber, which was equipped with a 0.625-cm rubber gasket, 
was closed to form an airtight seaL The head of the monkey was 
supported in the cushioned head holder while iu muzzle was inserted 
into the nasal plethysmograph through an appropriate si7.e circular 
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T&bh 1. Profile of skin reactivity to Ascaris suum antigen in squirrel monkeys, 



Skin reactivity (a u tig en dilution) 
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very uiter,*, purple w|,e«l. >15 nun dkmctcr; w . vely i ntenle bIu6 ^ >w ^ diajnc 8 *" 

±, very weak response, just visible; ^ n <, blueing response observed. 



hole in a fi*i:d latex -rubber diaphragm, 0. 1 25 cm thick (Small Parts, 
Miami, Fla.), uj form an airtight Seal, 

Flow in both plethysmography was measured with high sensitivity 
Validyne transducers (range ± 2 cmH 2 0) and prcamplified. The 
preampliiled signals were fed into a Bu*co Electronics non-invasive 
respiratory analyzer, model LS*20. and eight derivations of respira- 
tory function were made, namely, peak expiratory flow rnte. tidal 
volume, respiratory rate, minute volume, inspiratory time, expiratory 
lime, relation time (time in milliseconds to reach 30% residual 
volume), uml specific airway resistance, all on a breath by breath 
basis. The derivations were fed into a data Jogger for tabulated print- 
out as well a, into a personal computer (386PC-25). Id addition, the 
thoracic and nasal wave forms were displayed continuously on a 
scrolling monitor screen (Hewlett Packard Vccrra 286). The respira- 
tory analyzer measured the rime delay between the thomcic How and 
the nasal plcihysmograph flow (the kg time between the two wave 
forms) at the transition from inspiration ro expiration and derived a 
value for jspeoifte airways resistance <s/iaw), sflaw is defined as air. 
ways resistance x thoracic gas volume expressed in cmII 2 O s. 



Drug testing protocol 

Ten trained squirrel monkeys with reproducible sffaw responds lo 
ttwnrts andgen were used to assess the inhibitory effects of CDP-K<j;) 
On the test day. drug was dissofved in 1% memocci nnd adininisiervd 
orally to the monkeys at a dose of jo mg/kg m a volume of i mUu* 
body weight One hour later the monkeys were challenged with a<- 
cans antigen aerosol 1:25 dilution for 15 min. Immediately after chal- 
lenge, the changes in the early phase s/faw responses were measured 
continuously for 1 h and after a 2-h rest period (no recording), the lace 
phase s/caw rcspunses were recorded for an additional 2 h. The effects 
of CDP-S40 administered intravenously (5 and I mg/kfr 30 mm urc- 
treatmeni) were also determined in 5 squirrel monkeys, using a Mini- 
lar recording procedure. A fourth series of expcrirocnii wjs mined 
out ,n 3 animals, in which CDP-fMO (5 mg/kg; l h post amfeenj whs 
administered intravenously at the end of the early phase ( I h post 
unUgcn). A fifth series of expcrirnenis. was earned out in .1 anim,,i> 
cnaJlenged with an aerosol of leukotriene D 4 folio win* oral treatment 
with CDP-o40 (10 mn/kg; 1 h pretreaimcnO. 



Assessment of early and rate phase sAaw control responses 
For assessment of early and I Etc phase stfaw control responses the 
monkeys were challenged with an aerosol of Ascaris mum antigen 
U25 dilution, at intervals of no less than 3 weeks. Antigen aerosol of 
particle roisl, 1 to 5 \xm minimum size, was generated by a DeVilbiss 
ultrasonic nebulizer, and delivered us described above for a period of 
1 5 min. Following challenge, the time course and changes in specific 
airway resistance for the early phase were recorded at 1 -min intervals 
for a duration of J h post challenge. At this time point recording was 
stopped and the monkey was removed from the plethysmograph ap- 
paratus and returned to its home cage. Two hours later, U., 3 h post 
anngen challenge, the monkey was returned to the plethysmograph to 
continue recording for the development of late phase responses for nn 
additional 2 h. A limited number of experiments were carried out on 
four animals, which were kepi in the recording chamber for a period 
of 2.5 b post .-.ndgen challenge. These experiments were technically 
difticult to perform since most animal* do not sit quietly m the record- 
mg chamber f< «r Oris length of time. However, these experiments were 
designed lo rfi Ermine whether there was a clear demarcation point 
between the euriy and late phase responses. 



Pharmacokinetic analysis of CDP-840 

Drug levels were determined by taking venous blood (approximately 
I mL) from predoscd animals into heparinized tubes and then cenlri- 
ruging to provide plasma (approximately 0.3 mL). Aliquots of plasma 
were diluted with an equal volume of aceuimtriJc and cenrrifuged to 
remove protein precipitate. The supernatant was injected directly into 
a COti HPLC column with UV detection. Quantitation was dune 
relative to a clean (control) blood sample spiked with a known Quan- 
tity of drug. Detection limits were approximately 0.1 u,g/mL. 



Material* 

CDP-S40 0W^-(3<7dc^iy^ 

pyridine) was synthesized in the department of Medicinal Chemistry 
CelliechThcrapcuriwLtd^and was dissolved in 1% mcrhocel for oral 
admmistrarion and sterile saline for i.v. adniirusuation. Ascaris suum 
extract (220 000 protein nitrogen units/mL) was obtained from Greer 
Laboratories Inc.. Lenoir, N.C., and was diluted in sterile 0.9% NaCi 
(1:25). 
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(A) Pleural c itheter technique. 



Dose 



% inhibition Rr 



Compound 


(mg/kg p.o.) 


n 


Barty 


Late 


Reference 


L-691,816(5-LO inhibitor) 
1^651,392 (5-1.0 inhibitor) 
MK-886(FLAP inhibitor) 
MK-591 (FLAP inhibitor) 
MK-57J (Cy^LT, antagonist) 


1 mg/kg 

1 mg/kg 
1 mg/kg 

0.5 mg/kg 


5 
5 
5 
5 
5 


79 
71 
85 
71 
74 


nd 
58.4 
nd 
nd 
nd 


Hutchinson crn). 1993 
McFarfaneet ul 1987 
Giilard eiol. 1989 
Brideauctai. 1 99 1 
Jones ctal. 1989 


(B) Dual picl liysraograpbic technique. 


Compound 


Dose 
(rag/kg p.o.) 


rt 


% inhibition <J?aw 


Reference 


Mnntelulcaxt (Cys LT, antagonist) 


0.1 mg/kg 


5 


69 


64 


Jones etal. 199.5 



previous studk * (5CC reference listed), nd. not d&lermined. 



Table 3. Basdine pulmonary function values for conscious squirrel 



Parameter of pulmonary function 


Unit 


Mean value ± 
SEM (n = 10) 


Peak expiratory flow rate (PEFR) 


mUs 


4R.0±3.1 


Tidal volume (V T ) 


mL 


15.3±0.9 


Respiratory rate (RR) 


brcaths/min 


62.7±4.1 


Minute volume (MV) 


mL 


984.4±103.4 


Inspiratory time (IT) 


s 


0.44±0.03 


Expiratory tunc (ET) 


s 


0.68*0.06 


Relaxation time (RT) 


s . 


0.42±0.03 


Specific airway resistance (sffaw) 


cmH 2 0 x s 


4.7db0.2 



Note: Valuer are m«n bawMijic values ± SEM of 3-5 ctooqU for 10 
conscious squii re! monkeys. All values arc 5-min averages obtained for 
30 mm before challenge with Means antigen, 

Results 

Skin reactivity 

All animals selected for lung challenge were skin test positive 
(Table I). All of these animals responded with an early and a 
late response to ascaris aerosol. The magnitude of the airway 
response could not be reliably predicted by the magnitude of 
the skin response. For example, squirrel monkeys 80 and 74 
gave the strongest lung response to ascaris challenge bur, al- 
though skin test positive, were not necessarily the most skin 
reactive. All animals uswi to obtain baseline measurements 
and to assess the activity of CDP-840 (Table 1) Were skin and 
lung reactive to ascaris. 

Dual plethysmography technique for recording sftaw 

Previous studies in this animal species have demonstrated that 
leukotriene receptor antagonists (Jones et aJ. 1989; 1991), 5- 
lipoxygcnasn (5-LO) inhibitors (McFarlane et al. ly&7), and 
5-lipoxygcnusc activating protein (FLAP) inhibitors (Giilard 
ejal. 1989; Brideau et al. 1991) are potent inhibitors of the 
acute bronchoconstrictor response to antigen challenge 
(Table 2). These studies were carried out using a pleural cathe- 
ter technique in order to obtain a Iranspulmonary pressure 
measurement used io the calculation of lung resistance (Ri) 
and dynamic compliance (Cdyn). This invasive technique has 



Fig. L Effect of CDP-S40 (10 mg/kg p.u. I h before challenge; V. 
n =5) on control (•; n =5) antigen-induced early and (ate phase 
increases in specific airway resistance (stfaw) in conscious squirrel 
monkeys. Each point represents the mean ± SEM of 5 values 
expressed in absolute sffaw values. Animals were removed from 
the recording chamber from lime 60 min to 1 80 min post ascaris 
challenge. 



5 i 

0 




WWW 



SO 



200 

TIME (nun) 



' 1' 
250 



390 



since been replaced by the less invasive, dual plethys- 
mography technique (Buxco Electronics Inc.), described here, 
which allows one to detemiine both early and late phase meas- 
urements of changes in s/taw in response to ascaris challenge. 
Baseline pulmonary function values for conscious squirrel 
monkeys measured by this non-invasive plethysmographic 
technique are summarized in Tabic 3. Results obtained with 
montelukast, a selective Cys LT! receptor antagonist, using 
this dual plethysmograph are included in Table 2. These find* 
ings are consistent with previous results and indicate that lcuk- 
otrieues ate involved in both the early and the late phase 
response to allergen challenge. 

Effects of CDP-340 versus ascaris antigen induced 

brunchoconstriction 
In control experiments, inhaled antigen produced an acute 
bronchoconstriction, which increased sflaw by approximately 
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Table 4. Effect of CDP-840 versus ascaris-iaduced tofonchoconstriction in conscious squirrel monkeys. 



Baseline sRw 



Early phase. Late phase 



% inhibition 



Series i 












i-aie pnase 


(SM6l,66, 67,74, 91) 














Control 

CDP-840, 10 mg/kg p.o. (1 h pre) 
Series 2 


5 
5 


3.9O±0.40 • 
4.45±0.69 


2,44*0.35 
1.85±l.S2 


3.50*0.74 
I.72±0.99 


41 


45 


(SM 61.65,74, 80.91) 














Control 

CDP-840, fi rag/kg i.v. (30 min pre) 
Series 3 


5 
5 


4.8t±0.35 
5.32±0,86 


2.67±0.53 
, 0.29±0.13 


3.37±0.47 
1.3&t0.92 


82* 


51* 


(SM 62, 63. 67, 74. 79, 91) 














Control 

CDP-840, 1 mgrt^ i.v. (30 min pre) 

%J~* A if _ r> . .... i . nvm 


6 
6 


4,79±0,48 
5.43±0.89 


Z.40±0.3I 
1 .73±0.46 


2.79±0.27 
1,96±0.6S 


32 


38 



, w«.-„ rr| « vv ..w.—bj;, , M , Mw , .-.iuujf. .inri jiuinncrs rcrcr co mc specme montcys u.wd tor &t 

Table 1 ). A a/raw is the average change over 60 min post ascarii challenge (early phase) and 1 80-300 min post aacaris challenge (late phase). 
*p < 0.03 . 



Fig. 2. Plasma levels of CDP-840 in conscious squirrel monkeys 
administered 10 mg/kg CDP-840 p.o. (•; n = 3) and 5 mg/kg 
CDP-840 i.v. (■; n = 3). Each point represents the mean ± SEM 
plasma concentration at each time point after drug administration. 
In the above f tudy only trace amounts (<0.i ng/mL) of the N-oxidc 
metabolite (e<|uiactivc to CDP-840 in vitro) were detected. 




50-70%. The response was recorded for a period of 1 h, at 
which point the animals were rctnmeJ to their home cage for 
a period of 2 h. After reestablishmcnt in the test chamber, these 
animals continued to develop substantial bronchoconstrietton, 
which was recorded for an additional 2 h period. In separate 
experiments (n = 4), recording the early phase response for 
2J h post antigen challenge failed to uncover a clear separa* 
tion between the early and late phases of bronchoconstricuon. 
Prcfreatmerif with CDP-840 (10 mg/kg; 1 h before challenge) 
inhibited the early and late response by 41 and 45%, respec- 
tively (Fig, I and Table 4). Analysis of the plasma levels of 
CDP-840 in 3 animals administered 10 mg/kg, orally, revealed 
a peak plasma level of approximately 1 *ig/mL at 1 h post drug 
administration (Fig. 2). 

A second series of experiments was carried out wjrh CDP- 
840 (5 mg/kg; 30 rain before challenge) administered intrave- 



Fig, 3. Effect of CDP-840 (5 rag/kg i.v. 30 min before challenge; 
■; n = 5) arid 0.9% NaCl (1 mL/kg i.v. 30 min before challenge; 

n = 5) on control n =5) antigen-induced early and laic 
phase increases in specific airway resistance (sflaw) in conscious 
squirrel monkeys. Each point represents the mean ± SEM of 5 
values expressed in absolute $/?uw values. Animals were remqved 
from the recording chamber from rime 60 min to (80 min post 
ascaris challenge. 
7- 




nously. With this route of administration CDP-840 was mark- 
edly more potent against both the early and late phase re- 
sponses, producing approximately 82 and 51% inhibition, 
respectively (Pig. 3 and Table 4). When administered at a dose 
of 1 mg/kg, CDP-840 was inactive in 6 animals (series 3; 
Table 4). Plasma levels at 30 min post drag administration 
(5 mg/kg i.v.) were approximately 2 [ig/mL but were k*.ss than 
0.3 Hg/mL at 30 min post I mg/kg i.v. (Fig. 2). 

A fourth series of experiments was carried out with CDP- 
&40 (5 mg/kg) administered intravenously at the end of the 
early phase response (i.e., 1 h post antigen challenge). CDP- 
840 failed to block the response that developed 2 h lare- 
(Fig-4). 

In a fifth series of experiments CDP-840 (10 mg/kg: p.o. 
I h before challenge) failed to significantly alter the response 
to aerosol challenge with leukotriene D„ (Fig. 5; n = 3). 
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Fig. 4. Effect of CDP-840 (5 mg/kg Lv.. 1 h post antigen; fc; n = 3) 
on control n = 3) anugen-induced early and laic phase increases 
in specific airway resistance (sflaw) in conscious squirrel monkeys. 
Each point represents the mean ± SEM 0fc3 values expressed in 
absolute s#av; values. Animals were removed from the recording 
chamber from time 60 min to 180 rain post ascuris challenge. 
14- 



Fig. 5. Effect of CDP-840 (10 mg/kg p.o. I h before challenge; ■; 
n = 3) on control n -3) responses to an aerosol challenge with 
leukotriene D 4 (50 ng/mL; 10 min aerosol). Each point represent* 
the mean i SEM of 3 determinations expressed in absolute sJ?aw 
values. 




Discussion 

Positive clinical results with the latest generation of leuk- 
otriene receptor antagonist and leukotriene biosynthesis in- 
hibitors have proven the importance of these lipid mediators in 
Allergic and non-allergic asthma (Margolskce et aL 1991; 
Rasmussen ft al, 1992; Spector et al. 1992). Ascaris-sensitive 
squirrel monkeys have been an important animal model fur 
predicting and for studying leukotriene-dependent allergic 
asthma (Table 2; McFarianc ot al. 1994; Jones et al. 1995). 
Thus, it follows that this animal model of asthma is well suited 
for determining the role played by PDE IV isozymes in the 
modulation i>f lung responses to these arachidonic acid meta- 
bolites. As in the past, animals used for lung studies were 
selected on the basis of Ihcir skin reactivity to ascaris. Slcin test 
negative animals were always lung challenge negative to as- 
cads. H is impossible to draw any other conclusions regarding 
luog and skin reactivity since only a single dose of ascaris was 
used for the present lung function studies. This finding is con- 
sistent with previous results obtained in rhesus and cynomol- 
gus monkeys (O'Ncil and Goodman 1982). 

In the present study, the novel and selective PDE IV inhibi- 
tor CDP-840 attenuated antigen-induced bronchoconstriction. 
These findings suggest a potential for this class of compounds 
in the therapy of allergic asthma in addition to their potential 
as anti-mfliimmatory agents. The inhibition was evident 
against both the acute early phase and the response that con- 
tinued to develop 3-5 h after antigen challenge (late phase). 
CDP-840, although only moderately active following oral ad- 
ministration (as a result of variable absorption), was particu- 
larly effective following intravenous administration of 
5 mg/kg (30 min before antigen challenge). This dose of CDP- 
840 produced average blood levels of 1.8-2.0 lig/mL immedi- 
ately before challenge but had no significant effect on basal 
sitew measurements. These findings indicate that CDP-840 
exhibits anti -allergic activity at doses that failed to produce 
bronchodilatation. This hypothesis receives further support 




30 AO 
Time (min) 

from separate studies in which orally administered CDP-840 
(10 mg/kg) failed to alter bronchoconstriction induced by 
aerosolized lenkotricne D 4 . Preliminary observations indicate 
that PDE IV inhibitors when administered i.v. after the early 
phase allergic response failed to block the late response, fur- 
ther demonstrating that this compound is not simply a bron- 
chodilator. These suggest that the activity of this drug is 
dependent on actions in the early phase. 

Inhibition of antigen-induced acute bronchoconstriction 
With CDP-840 is consistent with recent findings in guinea pigs 
and rabbits with the PDE TV inhibitor rolipram (Hughes et al. 
1996; Gozzard et al 1996; Underwood et al. 1993). Responses 
to antigen challenge in these models are thought to be mediated 
by released leukotrienes in addition to biogenic amines such 
as histamine. Thus, the most likely mechanism of action for 
CDP-840 is inhibition of mediator release from mast cells. 
PDE IV inhibitors, acting through elevation of cAMP. am 
known to inhibit antigen-induced release of leukotrienes and 
to a lesser extent histamine release from guinea-pig lung 
(Heaslip et al. 1992). Results reported from studies in cyno- 
molgus monkeys (Turner et al. 1994) are somewhat inconsis- 
tent wilh this interpretation, since rolipram failed to block the 
acute phase bronchoconstriction to antigen. Differences in the 
activity of anti -asthmatic agents in various primate models, 
however, are not unique to PDE IV inhibitors. For example, in 
addition to rolipram, the mast cell stabilizer disodium cromo- 
glycate (Eady et al. 1985) and the leukotricne D4 rcccpto* 
antagonist 1CM98615 (Patterson et al, 1988) did not com- 
pletely block the early phase bronchoconstriction in cynomol- 
gus or rhesus monkeys. In contrast, man and squirrel monkeys 
appear to be particularly sensitive to anti-leukotriene drugs. 
The reason for this is not known, hut one interpretation is that 
some primates have a greater histamine componenr to rheir 
acute allergic lung response. Sodium cromoglyeare and ster- 
oids are also known to be effective in man but have not been 
tested in squirrel monkeys. Mediator release from squirrel 
monkey lungs has not been studied, but one could speculate 
that leukotricne release from this primate species may be par- 
ticularly sensitive to PDE IV inhibitors. There arc some rcccni 
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data available which demonstrate that PDB IV inhibitors can 
block LTB 4 generation from chopped lungs and arachidonic 
acid release from human mononuclear cells (Hichami et aL 
1995). It would be of particular interest to compare the activity 
of PDE IV inhibition on mediator release from isolated rhesus, 
cynomolgus, squirrel monkey and human lung. 

The persistent effect of CDP-R40 for up to 5 h post chal- 
lenge is quile remarkable, given that there arc no measurable 
blood levels at this time (limit of detection is 0.1 jlg/mL). The 
response at 3-5 h has been called a late response and like the 
late phase in man is known to be leukotriene dependent. How- 
ever, h is nor known whether this response in squirrel monkeys 
is a true late response or whether it simply represents a con- 
tinuation of the acute response. Resales from experiments in 
which the csirly phase response was followed for 2.5 h failed 
to uncover an obvious separation between the two phases, sup- 
porting the Inner interpretation. Eosinophils, T-cells, and spe- 
cific cytokines have been shown to be associated with late 
responses in allergic animal models and in human asthma. 
Eosinophil migration and cytokine release arc cAMP modu- 
lated events, which reportedly can be inhibited by PDE IV 
inhibitors. Turner et aJ, 0994) reported that rolipram inhibited 
TNFa release in bronchoalveolar lavage (BAL) 4 h post anti- 
gen challenge in ascaris-sensitive cynomolgus monkeys. It is 
not known whether similar mechanisms with a similar time 
course operate in ascaris-challenged squirrel monkeys. Pre- 
liminary results in which CDP-S40 was inactive if adminis- 
tered after antigen challenge suggest thai the response at 3-5 b 
is closely linked to events that occur in the early phase and as 
such may be confined to an effect on mast cells via inhibition 
of lipid mediator release. 

In conclusion, the novel PDE IV inhibitor CDP-840 inhib- 
ited antigen induced early and late phase bronchoconstriction 
in conscious squirrel monkeys. This effect was independent of 
any bronchodilator activity, suggesting that selective PDE TV 
inhibitors may prevent leukotriene release in response to anti- 
gen challenge of allergic non-human primates. Should this ef- 
fect extend to man one would expect that this class of 
compounds would have a therapeutic benefit in human asthma. 
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New IL-17 Family Members Promote Thl or Th2 Responses in 
the Lung: In Vivo Function of the Novel Cytokine IL-25 1 



Stephen D. Hurst, 2 * Tony MuchamucI, 3 * Daniel IY1. Gorman,* Jonathan M. Gilbert,* 
Theresa Clifford,* Sylvia Kwan,* Sadsh Mcnon,* Brian Seymour,* Craig Jackson,* 
Ted T, Kung^ Joan K. Brieland, f Sandra M. Zurawski,* Richard W. Chapman,' 
Gerard Zuxawski,* and Robert L, Coffman 4 * 

We have biologically characterized two new members or the IIM7 oylokin* family: 1L-17F and IL-25. In contrast to conventional 
in vitro screening approaches, we have characterized the activity of these net* molecules by direct In vivo analysis and have 
compared their function to that of other family members. Intranasal administration of adenovirus expressing IL-17, IL-17C 
or TL-J7F resulted in bronchoaJveolar iavajje neutrophilia and inflammatory gen* expression in the lung. In contrast, intranasal 
administration of IL-25*exprcs>mg adenovirus V r protein resulted in the production of IL-4, IL-5, IL-t J, and cotaxin mRNA 
m the lung and marked eosinophilic in the hrnnchoalveolar lavage and lung tissue. Mice given intranasal IL-25 wisu developed 
epithelial eel) hyperplasia, increased mucus secretion, and airway hyperreactivity. IU25 gene expression was detected following 
Aspergillus and Nippostrongylus infection in the lung and gut, respectively. rL-25-induced eosinophil* required IL-5 and IL-1J 
but not or T cells. Following IL-25 administration, the staining cells were CD45K/B22t> + , Thy-I + '- but were NKU-' 
Ly^G(GR^I)-, CD4-, CD3-, and c-ttr-ncgaiive. y-eommw knockout mice did not develop eosinophilia in rc.pon^ to IL-25, nor 
were IL-5 t*lls detected. These finding suggest the exigence of a previously unrecognized cell population that may initiate 
ThWike responses by responding to IL-25 in vivo. Further, these data demonstrate the heterogeneity of function within the IL-17 
cytokine family and suggest that IL-25 may be an important mediator of allergic di*^ via production of IL-4, IL-5, II^IJ and 
eotaxin, Th<> Journal of Immunology, 2002, 169: 443-453. 



Imerleukin-17 is a CX>A+ T cell-derived cytokine thai pro- 
motes itttanunatory responses in cell lines and is elevated in 
rheumatoid arthritis, asthma, multiple sclerosis, psariasw, 
and trajLsplani rejection. Human TL-J7 exists as glycosylated 20- to 
30-kDa homulimeis. IL-17 was initially recognized for its simi- 
larity to a sequence belonging to Herpesvirus saimiri, but It had 
little relatcdn^s to any other known cytokines or odier mumma- 
lian proteins < I, 2). More recently, two additional members of the 
IL-17 family have been described: 1L-17D and IU17C (3, 4). Al- 
though all thfue family members may promote inflainniatiou and 
hemopoiesis, *ome of the response* oflL-17B and C arc distinct 
from tho$e described for ll^ 17. Kor example, IL-17 has been 
shown to signal through the IL-17R molecule and promoio pro- 
duction of TNF-n\ IUft il-6, 1L-S, and C-CSF (5-7). In con- 
trast, 1L-17B and C do not appear to bind to IL-17R and only 
promote expression of TNF-« and IL-i/3 in vitro (3), Recently, a 
human sequence of IL-171-' has been described from lymphocytes 
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and ptiiicnfc with asthma (8, 9). These reports also described the 
production of cytokines from eclls cultured with 1L-17F. Also, a 
hqoian IL-25 sequence has recently been described with close ho- 
mology to oiher members of the IL-1 7 family (10), These findings 
demonstrate that the currently ideniified IL-17 family members 
promote disiiinci responses may bind a variety of receptors on 
different cclJ types. In this report, we describe the in vivo biology 
OHL-17C as well as two additional family members, IL-17F and 
IL-25. 

In recent ycary, a sijmificant number of novel genes have been 
identified in sequence database* by their homology to kiiown cy- 
tokines. However, the function of molecules diaeovL-rcd in this 
manner can be difficult to determine unless it is very similar to a 
previously known homologue. Ectopic overcxprcssion of novel 
genes in transgenic mice has proven to be a useful strategy for 
function determination, but is Jahrtrinus and difficult to control; Uie 
presented phenorype can often represent a process quite distal to 
the primary function of the trans gene. Based on previous work, we 
have developed an in vivo screening strategy for the function of 
novel cytokine hnmologuw based upon ectopic expression in ihe 
lung following adenovirus (Ad) 5 -mc4ialed gene transfer (1 1-13). 
Biological responses to the transferred gene are indicated by al- 
tered cell infiltration into the lung andVor by changes in mRNA 
levels, measured by real-time PCR, or a panel of cytokine, che- 
mokine, and reccptoT genet. The King is bodl a convenient organ 
for localized and efficient Ad infection und is one of the most 
reactive organs to immune and infJammatory stimuli. This 1 After 



Abbreviations uied in ihi* paper: Ad, adenovirus; EST, expressed sequence tag: ra. 
mouse; t,n., inir»na»ilyj BAt, brcnchioiar lavage fluid; PAS. periodic aeid-SchilT; 
PSSM, pOSittott-epeeiGe scoring matrix; h, human; y c , common y, 
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property males ectopic expression in the hmg an especially sen- 
sitive technique. We demonstrate that Ad infection of mouse Jungti 
with the JL-17 family members 1L-17C and 1L-17F results In neu- 
trophilia and inflammatory gene expression such as and 
IFN-y. In contrast, IL-25 Ad infection of the lung promotes re- 
sponses similar to those mediated by Th2 cells, including 1L-4, 
IL-5. IL-13. .u>d cofcaxin production, followed by eosinophil infil- 
trate, mucus production, and airway hyperreactivity. 

Materials and Methods 

Cloning of mtiwc and hwnaii If,- 1 7 family members 

TL-I7B* OcnBank database expressed sequence tag (E55T) sequences 
(IMAOH clone 475876 mouse and 783987 human) were identified in tui 
IL-17 computational screen. These clones were ordered (Research Genet- 
ic*, Huntsvillc AL) and the inserts were complexly sequenced yielding 
full-length cDNAs For IH7B_Mu and IL-17B_Hu. 
1L-17G A partial EST clone (HTGED19R) was identified in a computa- 
tional screen 01' the Human Genome Science (Rockville, MD) database by 
homology to U -1 7 family members, Primers based on this partial sequence 
were used to screen a pane) of human eDNA libraries. A cJone was iden- 
tified from a cDNA library of PBMC The tuJI-lcnoTh cDNA w« PCR 
amplified from this library using primers GTGTGGCCTCAGCTATAA 
GAG and CTA AGGCCCCACGGCCTTGG, cloned into the TOPO vector 
(Invirxogcn, Carlsbad, CA), and the sequence was verified by dye tcrmi. 
nator chemiatr. on an AB1 377, 373, or 370 genetic anaryzer (Applied 
Biosystems, Foster Cily, CA). Murine IU17C was found by homology 
tBLASTn scunb of the GenBank High Throughput Genome Sequence da- 
tabase using the human ortholog. The full-length gene was predicted by 
homology comparison and gene specific forward and reverse primers were 
designed from (hi* predicted sequence. The 5' primer TGCTGCCATG 
CCCACCGTCACCGTCA and 3' primer CACTGTCTAGACCTGCCA 
AGAACGCACGT were used to do touch-down PCR using a murine T cell 
transfer inttammuLory bowel disease library. 

/W7Z>. GcnBaitk at database entry gi434047 was identified in a compu- 
tational screen try homology to IL-17 family members. PGR primers were 
designed based on this sequence and used to clone a partial cDNA from a 
Marathon ready fetal spleen library (OontMh Laboratories, Pnlo Alto, 
CA). The sequmce of this fragment identified additional GenBank EST 
containing the missing 5' sequence and the primers ACCTCGCTC 
AG'fCGGAACCTTATGTTGGGGGCACTGnTCTGrrATGCTCKjTACTC 
CCCCTTCCTGCTCGCGC and GCGGCAGGACCGGCCTCAGOCiGC 
CAGC were us.;d to complete the full-length cloning. Using the full-length 
human sentience, a rat EST (Am0670) was identified containing flic ro- 
dent IL-17D lender region. Marathon ready mouse cONA libraries (Clon- 
tcch Laboratories) were amplified with primers ATGTTCGGGACACTG 
GTCTGGATGCTCCTCGTCGGCTTCCT and CCACCTCaTGCATGC 
AGGAAGCTO JOC 10 obtain the full-length mouse cDNA. PCR fragments 
were cloned into the TOPO vector {lovjtrogcn) and the sequence was verified 
as above. 

7l-l7F> The FJ -J7F sequence was identified in the Human Genome Sci- 
ences EST cfeUvbnsc and the cDNA clone (HTXOR44) was supplied by 
Human Cenomf Sciences. The sequence was con finned and completed a* 
above. Murine (L-17F wus found by homology BLASTn search of the 
Rnsembl mouse genomic sequences wild its human orthologuc. The full- 
length gen* w<w predicted from this genomic sequence and forward and 
revere* prints mr* designed. Th« 5' primer ATGGTCAAUTCTTTGC 
TACTCTTGA7 t3TT and 3' primer TCAGGCCGCiTGGTGGACAAT 
GGGCT were v*ed to do PCR using it mouse Th2 library. 
IL-25. Human 1L-25 cDNA was amplified from a human dendritic cell 
library using mouse IL-25 gene specific primers in a vector-anchored 
nested PCR. Dfsscd on the sequence of this fragment, primers ATGTAC 
CAGGTGGTTOCATTCTTG and CTAAGCCaTGACCCGGGGCCGCA 
CACACACAC\ were used to amplify the cDNA, followed by cloning into 
TOPO vector and sequence confirmation. 

Recombinant Ad and protein production 

The fulWcngth cDNAs for IL-17 family member* were subcloned into the 
Ad transfer vector, The vector and recombinant Ad production were as 
described (14). 293 cells (5 X 10*) (Quantum Biotechnologies. Montreal, 
Canada) were infected with a multiplicity of infection of -JO Ad-mouse 
(m) IL-25 in J I, culture media formulation I medium (CellWorks, Sen 
Diego, CA) and incubated for 5 days in a cell factory (Nalge Nunc Inter- 
national, Napen itle, IL). Ctilrure medium was dialyzed (membrane tubing, 
rn.w. 6000- R OOO; Spectrum laboratories, Roncbo Dominguez* CA) vs 50 



Family member il-25 promotes a To2-like response 

mM Tris-HCK pH S.0. i mM EDTA (BulTer A and passcd-ovcr HiTrsp Q; 
PhurmaciR. Uppsula. Sweden) to remove virus and many contaminating 
proteins. 

Animals 

Femule BALB/cAnN. 129, I29.RAC2KO, and l29.>cKO-RAG2KO were 
obtained from Tuconic Farms (Germtmtown, NY). LL-4KO (15), B6.SJL- 
ptr>rc7BoAiTac-B2 m (&MICO) RAG2KO, and NK1.1 ccngcnic (16) 
mice on the BALB7c background were maintained at DNAX (Palo Alto p 
CA). 129Sv/Ev-IL-J3tCO (1L-13&0) mice were generated and maintained 
til the DNAX Research Institute (17); VVMB6Fl/J-Kit w /kit w - (WW/ktt), 
their wngenic normal littermules (WAV x > t U6D2F1/J, and C57BL/6 were 
obtained from The Jackson Luburn lories (Bur Harbor. MB). Mice were be- 
tween 5 and 7 wk. of uge at the beginning of each experiment and were housed 
under sperifcV pathogen-free conditions at DNAX. 

Nasal administrations 

Mice were anesthetized lightly with isofluorane and given I X 10 10 Ad 
pttriiclw in 50 ia\ of saline intranasHlly (i.n.). Tor i.n. adminUlraucn of 
rcerKiihinoni pnotein, anesilivti^ed mice were given 5 u,g of iL-25 in 50 
saline. Mice were held upright until breathing was sleudy. 

Brvnchiplar lavage fluid (BAL) and lung tissue collection 

At specific time points following protein or Ad administration, mice were 
euthanized and the DAL was harvested via the trachea by flushing with t 
ml ofRPMI 1640. Aliqnots of the BAL fluid were cytospun onto glass 
slides, stained with Wright-Gicmsa (Sigma-Aldrich, St. Louis, MO) and 
evaluated for cell types. Data was anaryred using a statistical program, 
InstaiP (GraphPad, San tMcgo, CA), and numbers of cells were calculated 
as mean and SEM. In other experiments, the lungs were excised and >twji 
frozen with liquid nitrogen and stored at -EW'C unril processing foi* RN/V 
analysis or fixed in formalin and processed for histological staining with 
H&E and periodic acid-SchiiT (T*AS) siains (Idexx, West Sacramento, CA). 

Infection models 

Mice were infected with Aspergillus fumigaiw (American Type Culture - 
Collection 201 755 (Manassas, VA); 1 ^day-old cultures grown ul room 
temperature on malt extract agar) in an inhalation chamber using a 30-s 
exposure as previously described (18, 19). Wppcstwgytut brasiliensi* 
luryao were prepared at DNAX and delivered to mice as previously de- 
scribed (20). Briefly, 500 stage 3 larvae were injected s,c, into mice. Mice 
were sacrificed at the indicated umepoints and their small bowels were 
wised, flushed of fecal contents with ice-cold PBS, and snap-frozen. Sam* 
pies were Siored ui -SOX unlil processing as described above. 

Airway hyperreactivity 

Male 06D2F1/J mice wens anesthetized lightly and 5 jig of either mIL-25 
protein or control protein (BSA) were delivered via the nares daily for 5 
days. Mice were then tested for airway hypcrresponsiveness to metacholine 
by the forced oscillation technique as previously described (21). A Stu- 
dent's r test wait used to determine statistical significance between groups, 
wilh p < 0.5 being considered sifmificanr. 

Antibodies 

For cell depletions in vivo, mice were given 1 mg of mAb 1 day before and 
2 days after injection of recombinant protein or Ad. Abi used for depiction 
included anii-Ly-6G (RH6-8C5) and anti-NKI.l (PK136) (22). And-IL-5 
mAb (TRFK5) waa used as described above for ceD-depIeting mAb. mAb 
used for FACS analysis included anti-mouse Ly-6C, Thy-I t and CD45R/ 
0220. Anti-mouse 1L-5-PE mAb was used for mtracelmlar staining as pre- 
viously described (23). All FACS mAb were obtained from BD PharMin- 
gen (San Diego. CA) and were used according to the manufechirer's 
instructions. 

Quantitation of cytokine transcripts by real-time PCR 

Proven lung tissue was homogenized and lolai RNA was extracted using 
Maxi-pncp RNeasy columns according lo the manufacturer's instructions 
and stored at -80, For RT-PCR, RNA wus incubated wilh 10 U of DNasc 
1 (Boehringcr Mannlicim, Indianapolis, IN) in the presence of RNasin (Pro- 
mega, Madison, WI) for 30 min at 37°C. The samples were (hen heal- 
inactivatcd at 70°C for 10 min, chilled, and reverss-transcribed with Su- 
perscript H reverse uanscr^tasc (Invitrogcn) with random hexamers and 
poly(dT) oligos according lo the manufacturer's protocol. Equivalent 
amounts of individual cDNA reactions from similarly treated mice (six to 
eight mire per timepoint) were combined to create pooled samples. Primers 
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were cither obtained from PcrkinHlmer (Foster City, CA) or generated with 
Primer Express software (Parkin Elmer) An J were synthesized by us. When- 
ever possible, primer pairs were designed to spun miron/eaton borders. PCR 
were performed at 95°C for IS s followed by 60 6 C for 1 min using an AB1 
Gencamp 57CK 1 ^iience detection system and SYBR green buffer accord- 
ing to die manufacturer (PerkinUlmcry FCR amplification of the house- 
keeping gene tJbiquuio was performed for each sample to contra! for sam- 
ple loading arkl to allow normalization between samples according to mo 
manufacturer's instructions (Perkiru^lmer). Both water and genomic DNa 
control? were included to insure specificity. Each data point was evaluated 
for integrity by analysis of the amplification plot and disassociaticm curves. 
The ubiquitin normalized data was expressed as the fold induction of gene 
expression in treated mice compared with that in untreated mice. 



Results 

Identification and structural motif analysis of new /amity 
members 

To identify novel IL-17 homo1ogtie&, wc performed a position- 
specific iterated-BLAST search against the GcnBank NR protein 
database, selected significant hits for iterative searching, and built 
an rH 7 position-specific scoring matrix (PSSM). This PSSM wa« 
used to identify additional family members from various propri- 
etary sequence databases, expanding the IL-17 family- to include 
si* members. The alignment of these sequences show* a highly 
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FIGURE 1. Alignment of amino acid sequence of IL-1 7 family members. Mature IL-1 7 family member protein s$quonces were aligned using ClustalX 
and hand adjustiHew, An amino acid coloring scheme correlates chemically similar residues as follows: green (hydrophobic)* red (acidic), blue (bask), 
yellow (Q, orange (aromatic), black (structure braking), purple (amido), and gray (small), Conserved cysteine-knot residues I-VI are labeled accordingly. 
The predicted N -linked grycosylfction Site is marked with a caret (a). Conserved and identical residues are marked by a colon (:) and an asterisk (*), 
respectively. 
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variable N-femrinal region with 1-4 cysteine residues present 
(Fig. 1). The C -terminal seernence of all IL-17 family members 
COnuriris a »d of five spatially conserved cysteine residues. How- 
ever, the total number of cysteine residues varies considerably 
within the family: mouse and human IL-25 have 10 and II cys- 
teines, respectively, while IL-17 and 1L-17F have 6. The expanded 
IL-17 family PSSM was used to search the Protein Data Bank 
sequence database, where a weak match to nerve growth factor 
was identified (data not shown). The conserved C-tcrrainal CXC 
motif and four additional cysteine residues with relative spatial 
Conservation suggest thai JH7 may be related to the so-called 
cysteine-kno! structural superfamily (24). Among the cysteine- 
Vnot growth factors, negligible sequence identity is seen oursidc 
the core knot structure. The formation of dime™ among TL-17 
family members is a common theme seen among the cysteine- knot 
growth factors, In fact, recent findings demonstrated that IL-17F 
belongs to the cysteine-knot growth factor family (25). 

Adenoviral expression of IL-17 r IL-I7Q and IL-17F produces* 
neutrophilia, while produces eosinophilic! in the lung 

Demonstration of function for novel genes that have been identi- 
fied by bioinlurmatics is a critical step in functional genomics. The 
use of Ad constructs to ectopically express unknown genes in the 
lung epithelium has proven 3. useful strategy for the expression arid 
functional evaluation of novel molecules in vivo (12). We selected 
mTL-n, hunun (h) IL-17C, ML-17F, HJL-25, and mJL-25 from 
among the new IL-17 family members described in Fig. 1 for 
further analysis. Mice were given I X 1 0 l ° particles of recombi- 
nant Ad i.n., and BAL and lung u'twue were harvested at day 7 
following inf ;ctiotu Mice given control Ad developed mild neu- 
trophilia in the BAL fluid at day 7 consistent with the mild in- 
flammatory response expected from nonreplicaring Ad 2A). 
However, BAL fluid from mIL-17, h!L-17C, and 1L-17F Ad-in- 
fectcd mice contained far more neutrophils than were present in 
control Ad-infected mice. In contrast, both human and mouse TL- 
25-infectcd mice showed large numbers of BAL fluid eosinophils 
compared wiih controls. Human and mouse IL-25 Ad infections 



produced similar levels of neutrophils and eosinophils, demon- 
strating the species cross -reactivity of human IL-25. 

To confirm thai me eosinophil response was due to ectopically 
expressed adenoviral IL-25, we gave mice mCI^25 protein purified 
from 293 cell supernatant infected with mIL-25 Ad. Mice given 
5 fig of purified IL-25 protein i.n. produced eosinophilia at day 7 
without the neutrophilia observed with IL-25 Ad (Fig. IB). Addi- 
tional experiments to further characterize this response showed 
that ua little as 0.5 pj» of IL-25 protein i.n. resulted in lung eosin- 
ophil i a and that, regardless of the amount of IL-25 given, a min- 
imum of three days Tolly wing IL-25 protein administration was 
required for ihift result (data not shown). These results suggested 
that IL-25 promoted eosinophil development and not simply eo- 
sinophil recruitment from the blood- Interestingly, expression of 
IL-25 by Ad caused neutrophil infiltrate as well aa eosinophilic 
while administration of mIL-25 protein resulted in a distinct eo- 
sinophilic response. This suggested that IL-25 may support neu- 
trophil recruitment in the context of adenoviral infection. 

IL-I7F expression resulted in TkJ. white IL-25 produced 
Tk2-tike Inflammatory gene expression 

We have developed a novel approach for evaluating the function of 
cytokine-Hke genes following cither gene transfer or administra- 
tion of recombinant protein in viva This approach uses 96-wcll 
real-time PCR primer arrays to measure changes in mRNA levels 
for a wide range of cytokines, chemokines, mid chemokine recep- 
tors. Following the idenrificaiion of cellular infiltrate in the BAL of 
mice infected with novel gene Ad, we asked whether gene expres- 
sion profiling would provide further insight into the biological ac- 
tivities of the new proteins. We selected one of the neutruphilia- 
producing family members, hlLO 7F, to compare and contrast with 
the eosmophilia-producing IL-25. At day 7 following infection, 
lung tissue from mice given WL-17F Ad showed substantial in- 
creases in the mKNA for inflammatory cytokines and chemokines, 
including IL-6, IFN-y, inflammatory protein 10, and monokine 
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FIGURE 2, Lung administration ofIL-17, 1L*!7C, and TL-17F produced neutrophilia while IL-25 produced eoainophilia in the BAL. A, BALB/cAnN 
mice {n * 5) were given 1 X Itr 10 adenoviral particles (Ad> i.n. B, Recombinant cmurol protein or mtL-25 protein (5 jug) was given to mice (n - 5) i n. 
Seven days postinfection or post-protein adit*ini S r»iion. mice were sacrificed and BAL fluid was harvested. BAL cell* were cytospun, stained with 
Wnght-GtcmsaaixJ relouve cell types were determined microscopically with a grid-marked eyepiece. Data ahown arc the relative cell types within the grid 
square. Results tfhown art representative of over five experiments. 
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induced by IKN-y (Fig. 3). The stimulation of this group of in' 
flammatory genes may predict the influx of neutrophils in the BAL 
of mice infeded with IL-17F Ad, 
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In contrast, expression of mIL-25 via Ad in the lung produced 
*i Th2-Iike response with elevations in mRNA for IL-4, IL-S, and 
IL-13 and the chemoidnes LJX, TAliC, and eotaxm. SimiJaj to the 





FIGURE 3. IL-17F expressed in the lung up-regulated Thl respunse genes, while IL-25 up-reguiaiud Th2 response genes. 0ALD/cAjiN micu were given 
either 1 X 10 10 particles of control, hlL-HF, or roIL-25 Ad. or 5 MS of recombinant control or mIL-25 protein i.n. Seven days later, mice were sacrificed 
and luugs were harvested, -map-frozen, and processed for RNA. Reverse- tranitcrihcd samples were analyzed on 96-wcIl plate arrays ofTanman PCR primers 
for cyiokines. cHemokines, or chemokine reccptori as described in Materials and Methods, Daia shown is the foJd increase over the control group of 
ubi^uUin-norrnoHzed values, Dtilu is representative of Over five expertmepi&. 
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results observed with IL-25 Ad, mice given purified IL-25 protein 
produced high levels of IL-5 anil even higher levels of TL-13, 
suggesiing th:n these cytokines may have been somewhat inhibited 
by the concurrent response to adenoviral infection. It is interesting 
to note that while both IL-5 (80-fold) and IH3 (>500-fold) were 
stimulated to a greater extent than IL-4 (20-fold) by IL-25 admin- 
istration, mice given eithcx m IL-25 Ad or protein also showed 
substantially increased levels of CCR3, most h'kely as a resuh of 
infiltrating eosinophils. As assessed by the responses in mouse 
lung, the biological activity of IL-25 differed markedly from the 
oiher IL-17-rdaied molecules and the phenotype suggested that 
IL-25 may phy a role in the establishment of Tb2-like responses 
in vivo. 

Mice given 11-25 develop cellular infiltrate and mucus secretion 
in the lung 

To further ch.iracten>£ the response to !L-25 t we gave mice one 
dose of 5 fig mIL-25 protein i.n. and harvested lung tissue at daily 
intervals for / days to determine Ihc time course of IL-25-induced 
pathologies. JL-5 and IL-13 mKNA were rapidly induced in lung 
tissue by TL-.'tS, with peak levels at 72-h pO^dministration. In- 
terestingly, normalized expression of 1L-13 was mucli higher 
throughout the time course than IL-5. Examination of lung histol- 
ogy after i.n. IL-25 protein administration showed that peak IL-5 
and IL-13 mJOJA induction was followed by cellular infiltrate, 
mucus production, and epithelial cell hyperplasia (Fig, 4), Low, 
but marked, cellular infiltrate was clearly present in the H&E- 
staincd section from day 3 post-lL-25 protein treatment mice. This 
infiltration increased through day 7 with cells ultimately identifi- 
able in the lunienal space. High-power examination showed that 
the majority of these cells were eosinophils, wiih some monocytes 
and lymphocytes (data not shown). FAS staining identified pro- 
duction of mucus by epithelial cells as early as day 3 posilreaiment 
while complete airway occlusion with PAS staining mucus is ev- 
ident at day 7. These results demonstrate that IV25 is capable of 
inducing the hallmark components of allej*gic airway disease, in- 
eluding IL-4, IL-5, and IL-13 expression, cellular infiltrate, and 
mucus production. 

Mice given fL-25 develop airwa)> hyperreactivity 
Because the ru&ponses described above frequently Commie with 
development of airway hyperreactivity* we investigated whether 
administration of IL-25 protein alone to naive mice would be suf- 
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FIGURE S. Lung administration of IL-25 caused airway hyperreactiv- 
ity. B6D2F1/J mice were given 5 jig of or control (BSA) protein 
daily for 5 days. On duy 5, mice wins assayed of hyperactivity by meiha- 
cholinc challenge an described in Materials and Methods. Data shown i* 
(% increase) for increasing doaages ormctbacholine, #, p< 0.05- 



ficicnt to induce airway hypcrrcsponsivcncss to mcthacholine. 
Mice given IL-25 protein i.n. daily for 5 days developed hyperre- 
activity when challenged wirh methacholine in vivo (Fig. 5). How- 
ever, a single dose of IL-25, which produced IL-5, IL-13, and 
mucus production, was not sufficient to induce hyperreactivity 
(data not shown), corroborating previous work showing that a 
chronic reghnen o.f allergic symptom induction is rcqurred to de- 
velop airway hyperreactivity (26, 27). Together, these results dem- 
onstrate that exposure of the murine airway to purified IL-25 pro- 
tein alone is sufficient to promote hnth the pathological and 
physiological features of an allergic response. 

IL-25 mRNA is increased during infection in the lung and gut 

To understand the regulation and disease association of IL-25, we 
tested a number of infection and immune response models from a 
variety of murine tissue sources. Among these samples, IL-25 
message was up-regulated in the lung following A.jumigatus in- 
fection, and in the gut following N. brusilunxis infection. In lung 
tissue (rig. 6), JL-25 message was up-regulated — 10-fold follow- 
ing aerosolized infection with live A.jumigatus spores. This up- 
regulation was maximal at 48-h postinfection, and returned to 
baseJmc levels by day 7 postinfection. Fig. 6 also shows the time 
course of IL-25 expression in the small bowel following N. hra- 
siliensis infection. Expression was up-regulated ^6-fold between 
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FIGURE 4. I ting administration of IL-25 caused eosinophilic innkraic and mucus producuon. BALB/cAnN mice were given 5 ug of raTL-25 protein 
i.n. At timcpoims from days 0 to 7 posi-JL-25 adwiflistcatiori, mice w«re sacrificed, and hings were harv«ced and assayed for eyrokme production or fixed 
and stained for mucus and cellular infiltrate. Data shown are II&E- and PAS-staincd lung sections. Solid arrowheads indicate cellular infiltrate. Open 
arrowheads indii-aie mucus accumulation. 
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day$ 7 and 1 ■ postinfection, and decreased through day 13. This 
longer time course closely matches the arrival of worms into the 
gastroinlcstinii) tracts of the infected mice (2ft). In both systems, 
however, the normalized expression of IL-25 message was in the 
range of othei low expression, high patency Tla cytokines such u 
LL-4 and thus may preclude detection by histological means. How- 
ever, despite this low level of expression, the active up-regulation 
of fL-25 mRNA in tissues responding to these pathogens suggests 
that this cytokine may have a role in the Th2 differentiation of the 
immune regpi>nse to fungi and parasites. 

IL*25 gmeraiifs eojdnophiUa via tUS and IL-I3 

Known activtues of JL-5 and 1L-13 suggested dial these cytokines 
were key components of the eosinophilic response following 11^25 
administration in the lung described in Fig, 2 (29, 30). To confirm 
this, 5 jig of IL-25 protein was administered i.n. to BALB/cAnN, 
1L-4KO, 1L-) 3KO, and anti-IL-5-treated mice. One week later, 
BAL fiind wjih harvested and evaluated Tor eosinophils by cyto- 
spin. Wild'type controls and IL-4KO mice showed dramatic eo- 
sinophilic responses to TL-25 protein administration, however, anti- 
JT,-5 treated mice showed grcaily reduced numbers of BAT. 
eosinophils and IL-13KO produced no eosinophilic in response to 
IL-25 (Fig. 7). These results demonstrated that the eosinophilia in 
the lungs of mice given IL-25 required both TL-13 and IL-5 as 
intermediates 

Lymphocytes, NK celts, mast cells, basophil*, and granulocytes 
are nut rcquu ed for IL-25 respmvtivene&s 

The rapid induction of IL-5 and 1L-13 message following IL-25 
exposure suggested that the responding cell rype is resident in the 
lung. To identify ceils responding to IL-25, recombinant cytokine 
was given i.n. to mice made deficient in specific cell types by mAb 
depletion or genetic deletions (Fig. &4). Strikingly, RAG2KO 
mice, deficient in both T and B ceUs> produced high numbers of 
lung eosinophils, demonstrating thai lymphocytes were not required 
for this respond. The induction of 1L'5, IL-1 3, and eolaxin mRNA by 
IL-25 i.n. adniinistrabon was alno similar in control and RAG2KO 
mice, demons rating thai lymphocytes were not the main source of 
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FIGURE 6. IL-25 is expressed in the lung und gut during p»lhog«n in- 
fections. BALH/cAnN mice waro infected with either (A) A* /umigotus 
spares via inhalation or (B) N. brasiliensis Jarvac via a.c. injection as de- 
scribed in Mantials ami Methods. At timepoims following infection, mice 
were sacrificed and their lungs or small bowel were harvested, snap- frozen, 
end processed f'rf RNA as described in Materials and Methods. IL-25 RNA 
levels were aSMyed by teal-time PCR md normalized to ubiquirin RNA 
level? for each limepoinL Data Shown are the ublquiun-nomializcd values 
Of m!L-25 R"NA at each limepoinL Results are representative of two 
experiments. 
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FIGURE 7. lL-25-medinred eosinophilia requires (L-13. BALD/cAnN, 
1L-4KO, and IL-13KO mice were given IL-25 protein (5 jig) i-°- Addi- 
tional BALB'cAnN mice were given 1 mg of ami- mAb on day — 1 
and on day 2 after IL-25 protein administration; n = 5 for each Ireatmeut 
group. Seven days later, mice were sacrificed and BAL fluid was harvested 
ami Qvnltiaidd as described in fig. 2. Data shown are the eosinophils in the 
BAL for each treatment group. Results shown are reprewaitniive of ihrec 
experiments. 



these cytokines (data not shown). Furdicrmorc, the depletion of 
NK1-1 cells with PKJ36 mAb did not prevent the development of 
eosinophilia in me lungs of mice given m IL-25 protein. Mast ceils arc 
another known source of IL-5 and 1L-13, however, ec$innphilia was 
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FIGURE 8. IL-25 promotes eosinophilia in the ahsencc of lymphocytes, 
NK cell:*, and mast cells. A, BALB/cAnN mice and mice deficient in lym- 
phocytes (RAG2KO), CDB T T cells (P 2 MKD), mast ceil* (WW/kil). or 
NK cells (anti-NKJ . I -treated) were given control or mIL-25 protein on day 
0, Seven days later, hing BAL fluid was assayed as described in Fig. 2. 3, 
I29.RAG2KO and 129.cyKO-RAG2KO mice were given control or 
m IL-25 protein on day 0 a ad assayed on day 7 as described above; n = 5 
mice per treatment group. Data shown are representative of three 
experiments. 
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new il-17 family member il-25 promotes a to-like response 



similar between mast cell-deficient (WBD6F1/J-Kit w /Kii w ") and 
control mice given IL-25 protein. Finally, /^MKO mice with neither 
NKP CD4* T nor CD8 1 T cells responded to IL-25 by producing 
similar numbers of HAL eosinophils as did control mice. In all of the 
above experiments, groups of treated mice given control 293 cell su- 
pernatant iji. did not develop cosmnphilia (Fig. 8 and data not 
shown). Recently, it has been shown that both basophils and mast 
cells produce and IL-13 in response to 1L-18 (31). We cultured 
sorted mast cells and basophils wiih IL-25, 1L-18, or IL-25 + JL-1R 
and detected both IL-5 and IL-13 from IL-18 cultured cell superna- 
tiims. HowevLT, no IL-5 or IL-13 could be detected from lL-25-cuI- 
tured cells, nor was there any indication of synergy in IL-5 or IL-13 
production fh>m cells cultured with both IL-1 % and IL-25 (data not 
shown). Taken together, these in vivo and in vitro results suggested 
that neither nnst cells nor basophils were a significant source of IL-5 
or TL- 13 in response to IL-25. 

In addition to testing the IL-25 responsiveness of BALO/c 
RAG2KO mice, we tested the responsiveness of I29.RAG2K.O 
and 129.7CKO-RAG2KO mice. Fig. SB shows* that uysmophUm 
was strongly induced in the 129 background RAG2KO mice, al- 
though these levels were lower than in the BALB/eAnN back- 
ground RAG?KO strain. Interestingly, 129-7CKO-RAG2KO mice 
did not respond to IL-25 given i.n. 

IL*25 inducer IL-Sfrom a hemopoiencally derived cdf type 

In a second approach to identifying the cells producing IL-25- 
induced JL-5 and IU13, lung cells from mice given mil. -25 pro- 



tein i.n. were activated in vitro with PMA/Iono and brefeldin A 
and stained for intracellular cytokine and various lineage-specific 
cell surface markers. This approach initially revealed a cell pop- 
ulation that was slightly larger and more granular than lympho- 
cytes and was positive for intracellular IL-5 (Fig. 9A). This distinct 
population constituted of \4% of the cells In gate 1 and represented 

1-2% of the total cells in the hing. Importantly, no IL-5-stainihg 
cells could be detected from lung cells of mice given control pro- 
tein i.n. even though these cells had been activated in vitro iden- 
tically lo those from JL-25-treataJ mice. 

We also gave IL-25 to BALQ/cAnN background RAG2KO 
mice to determine whether the BAL eosinophilia observed in these 
mice (in Fig, 7 A) was accompanied by IL-5-producing cells. In 
BALB/cAnN mice most of the cells that stained for intracellular 
IL-5 were CD4", although some CD4 + cells were detected. In 
contrast, RAG2KO mice contained cells that stained for intracel- 
lular IL-5 but were not CD4 * . This finding confirmed that the cell 
population responding to IL-25 in the lung need not be lympho- 
cytic in origin. Further analysis shnweri that the TL-5 -producing 
cells in RAG2KO mice are low to negative for Thy- 1 and CD45R/ 
S220, and negative for c-fcf, Ly6G> Ly49, CD3 ( * Q>4, y8 TCR, 
and intracellular CD3« (Fig Off and data not shown). In addition, 
depletion of Ly6G + granulocytes in vivo with RB5-8C5 mAb 
did not deplete IL-5-positivc cells in the lung by FACS (data 
not shown). Together thc«c results confirmed the results in Fig. 
7 that the cell rypc responsible for IL-5 and, most likely, IL-13 
production following IL-25 exposure is of a nonlymphocyte, 
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F1CUR£ 9. IL-25 induced IL-5 production from a 
distinct cell type in the lung. Mice were given 5 of 
control or mIL-25 i.n, on day 0 and sacrificed on day 7. 
Lungs were hai vested, rnecbiinicuUy disuisoctulcd into 
a Single cell £u:>pen4ion. and incubated with PMA/lono 
and brcfcldm A as described in Mazeriats and M&thods. 
Cells were stai t cd for intracellular IL-5 or control ig 
and analyzed by FACS. /i Lung cells from control pro- 
tein or mIL-25 protein-treuted mice were gated by for- 
ward and side waiter (Gotcl) and intracellular IL-5- 
positivc cclLi vere displayed (solid line), Fsoiype Ig 
control is also shown (broken line). B. BALB/cAnN 
und BALB/cADN r -ftAG2KX> mice were given 5 fig of 
mIL-25 protein i.n. on day 0 and analyzed nn day 7 as 
described abova, C, I29.RAG2KO and mcylCO- 
RAG2KO mice were given 5 fig of mlL-25 protein i.n. 
and analyzed as described above. Quadrants were set ny 
staining of control uotypc Ig. Surface $tain$ w*r« per- 
formed before ce4J pcrmcabihzation. Data shown is rep- 
reseniaiiva nf a- least ihrce experiment*. 
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non-NK» nongranulocyte lineage. Finally* wc stained cells from 
129-RAG2KO and 129-ycKO-RAG2ICO mice to determine 
whether the unresponsiveness of 7C-chaLn KO mice observed in 
Fig. IB was due to the absence of a responding ceJl population. 
Fig. 9C shows that cells from lungs of 129.RAG2KO mice 
given IL-25 i.n. clearly stained positive for intracellular IL-5, 
whereas lun* tissue from 129.ycKO-RAG2KO mice given 
IL-25 ijs. did not produce cells that stained for intracellular 
IL-5. This finding suggested that the absence of eosinophilia 
observed in this mouse strain in Fig. 8 was due to the absence 
of an IL-5 -producing cell type and not due to a defect in the 
eosinophil lineage. Future experiments involving more complex 
depletions and in vitro reconstitute oris may ultimately identify 
.this distinct eel I subset 

Discussion 

In this report, we describe a novel approach for the analysis of 
biological activity of new molecules discovered by homology to 
known cytokines. Using this approach, we show thai TL-J7, and 
two newly de scribed members of the IL-17 family, IL-17C and 
IL-17F, funct onally resemble one another in their potential to in- 
duce inntimmdtOTy gCnest such as TFN-y and IL-6 and produce 
neutrophilia when expressed in the lung. In contrast, new IL-17 
far^ily member IL-25 wan found id promo Id the expression of 
prototypical Th2 genes such as IL*4, 1L*1 3 , and eotaxin and 
produce lung eosinophil ia. Following a single i.rt. dose of IL-25 
protein, expression, of IL-5 and 2L-13 peaked at day 3. Accompa- 
nying the expression of these Th2 cytokines, cellular infiltrate, 
thickening of airway tissue, and mucus production were readily 
identifiable through day 7 posUidmini strati on. Mice given TI.-25 
recombinant protein also developed airway hyperreactivity, sug- 
gesting that the cellular infiltrate and mucus production observed 
developed into physiological airway pathology. The finding that 
IL-25 can promote mucus production and airway hyperreactivity is 
not altogether unexpected given the clear ability of IK- 1 3 to pro- 
mote diese pathologies (32, 33). Taken together, however, these 
results show thai the production of IL-25 in Lhc lung can result in 
all of the prototypical hallmarks of Th2-mediated airway disease, 
involving infiltrate, cytokine production, tissue reorganization, 
mucus secretin and airway hyperreactivity. This acute lung re- 
sponse to IL-25 is not mediated by Th2 ceils, however, as T cell- 
deficient RAG2KO mice respond to IL-25 aft well as control mice. 
Additional work by members of our group has shown that mice 
given systcmit* IL-25 had increased levels of serum IgE, TgGl and 
IgA levels, as u/ell as blood eosinophilic These IL-25 -treated mice 
also developed digestive tract pathologies including epithelial cell 
hyperplasia, niuCufi production, and eosinophilic infiltrate (14). 

Initially it may seem confusing that molecules with such high 
sequence homology display ifuch different biological properties- 
However, a close examination of the IL-17 family sequences 
shows a conserved cystcinc-knot structure wjth considerable se- 
quence divergence at the N terminus. Primary sequence homology 
also differs between family members with hIL-17 and hIL-17F 
having the rustical homology (44%), while hTL-t7 and hTL-25 
have the 1 owe it (15%). In addition to primary sequence, a prelim- 
inary relationship between biological function and structure 
emerges in that IL-17 family members with few cysteines, i.e., 
IL-17 and IL-17F (both with six) produce Thl-likc inflammation 
while family members with the greatest number of cysteines, i.e., 
human and mouse IL-25 (10 and 11, respectively), produced Th2- 
jike responses. These finding suggest that a combination of N- 
terminal region diversity, primary sequence, and cystcine-depen- 
dent motifs miry be responsible for specific interaction of these 
molecules with their cognate signaling receptors and thus diver- 
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gent biological effects. Using a similar bioinfonnatics approach, 
we have expanded the IL-17R family to include five related type I 
membrane proteins (D. M. Gorman, unpublished data). Although 
the final identification of these TL- 17-relatcd receptors to their re- 
spective Itgands should help reveal the biological differences Keen 
among these related cytokines, at this time we believe that the 
divergence between IL-25 and the other IL~17 family molecules 
will prove to be receptor/signaling pathway-mediated and not via 
other mechanisms. 

To determine whether IL-25 might play a role In pathogenic 
responses, IL-25 mRNA was measured in lung and gut in several 
models in mice. The expression of TL-25 mWA was increased 
during fungal infection of lhc lung with A. fumigatiis and helminth 
infection of the gut with K hraiiliensis while total normalized 
expression remained low. This suggested that, while highly potent, 
either IL-25 or its cell source may be rare, or both. Future exper- 
iments using IL-25 blocking Abs or 1L-25KO mice may help to 
define the relationship between IL-25 expression and pathology in 
these models. Interestingly t no detectable increase in IL-25 mRNA 
was detected in lung tisitue from mice which had been Aenniti^d 
and aerosol challenged wilh hen egg OVA (data not shown). A 
better understanding of the role of IL-25, its cell source and its 
variable expression in these in vivo model systems should provide 
points of future intervention for ajjergic and infectious disease at 
(he epithelial border. 

Further analysis of mice given IL-25 protein i.n. demonstrated 
that IL-5 and IL-13 were critical mediators in the development of 
pathology. Treatment of mice with a neutralizing anti-IL-5 mAb 
prevented most of the eosinophil ia observed in IL-25 control- 
treated mice. Our interpretation of this result iy that IL-5 mny be 
required for the generation of new eosinophils and that treatment 
of mice with anti-IL-5 blocked this response, but not the produc- 
tion of 1L-4 and IL-13, from these mice. The low numbers of 
eosinophils observed in the Jungs of anti-IL-5 -treated mice likely 
reflected the recruitment of pre-existing eosinophils to the lung. 
Additional experiments demonstrated that IL-25 protein did not 
have any eosinophil chemoattractant ability in vitro (data not 
shown), suggesting that the hing eosinophil following IL-25 ad- 
ministration may have involved IL-13-induccd genes , such as 
eotaxin (34, 35) and VCAM-1 (36). Previous reportft have sug- 
gested that XL- 1 3 is required for lung eosinophils and our findings 
suggested that IL-25 likely caused eosinophils via this previously 
described mechanism and not via another factor (32, 34, 35> 37). 

Despite the rypjcal Th2 cytokine profile induced by IL-25 in 
vivo, the principal cell type responding to IL-25 does not appear to 
be a T cell. The 11^-5, H*-13-prr>ducing cell in the lung is present 
in comparable numbers in RAG2KO and control mice. Thus, the 
responding cell is neither a T nor B cell, although some CD4 + 
IL-5 -positive-staining cells were present in the lungs of IL-25- 
treated wild- type mice. In addition, the lL-5-producing cells ap- 
peared slightly larger and more granular than lymphocytes as 
judged by forward and side scatter. Double staining of RAG2KO 
lung cells for intracellular IL-5 and various markers showed low to 
negative expression of Thy- 1 and CD45K/B220, but no detectable 
expression of c-Afr, Ly6G, Ly49 t CD3, CD4, yfi TCR, and intra- 
cellular CD3e- Intracellular Staining of IL-13 corroborated the IL-5 
staining data and suggested that the same cell produced both IL-5 
and IL-13 following IL-25 exposure. However, IL-13 staining was 
uniformly dimmer and may reflect the limitations of the anti- IL-13 
mAb (data not shown). This unique surface staining profile elim- 
inated most cell populations that might have been expected to pro- 
duce LL-5 in vivo. IL-25 may act as a growth or differentiation 
factor for this cell type and this activiLy remits in the accumulation 
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of 1L-4-, and IL- 1 3 -producing cells at mucosal surfaces of 
the hing and £ut 

Wc also investigated tae response of RAG2KO and *ycKO- 
RAG2KO fnllowing 1L-25 administration. We showed that 
RAG2KO mice possessed a normal response to 1L-25 by np-rcg- 
ularjon of cells expressing IL-5. However, tcKO-RAG2KO mice 
did not respond to 1L-25 administration by production of eosino- 
phils nor did they produce IL-5~sxaining cells by FACS- Previous 
work has demonstrated ihai mice with targeted mutation in the 
common y (^Vchain locus are deficient in NK, yd T, and poten- 
tially other :?oorly characterized hemopoietic cell populations 
which require one of the receptors formed by the y u chain subunit 
for development (36-45). Our interpretation of out finding is that 
the cell type that normally produces IL-5 following exposure to 
IL-25 is missing due to the absence of the y a chain. This suggests 
that the source for these cells is hemopoietic, although they are not 
lymphocytes. Alternative mechanisms could involve a role for the 
y c chain in the 1L-25R. However, preliminary rcccptor-ligand 
matching dam suggests that the y c chain is not involved in the 
1L-25R (daiu not shown). 

Finally, wc report that the wjdc-scrwsn analysis of downstream 
gene regulation by real-time PGR following administration of Ad 
or protein was effective in identifying the function of novel genes. 
Large-scale unulysis of gene expression patterns has become an 
important analytical tool in many areas of biology. Most current 
approaches toward gene expression profiling of in vivo disease 
states involws the use of DNA microarray chips- Although this 
approach is appealing in its ability to interrogate thousands of gene 
transcripts for discovery of novel exprMfrion patterns, the tech- 
nique is limited m sensitivity and by the quality of the annotations. 
For the functional analysis of gene products thought to participate 
in immune or inflammatory responses, wc have found that RT- 
PCR measurements of changes in expression of a limited set of 
genes with known functions in immunity are much more useful 
than microarray analysis. RT-PCR with the Taqman system is 
~ 100-fold mure sensitive than DNA microarrays (S. D. Hurst and 
R. L. Coffraan, unpublished data) penniuing even rare, but potent, 
cytokines to he measured with accuracy. The patterns of change 
wc have observed in u well-chosen panel of fewer than 100 genes 
have generally proven to predict the functional, structural, and cel- 
lular change* that are observed in the same samples, leading to 
clear, testable hypotheses about the activities of a novel gene. In. 
contrast, DNA microarray analysis often failed to detect these ex- 
pression charges or, more frequently, identified modulation of un- 
infgrmative ( f unknown BSTs. 

Demonstration of function in vivo is a critical, but often elusive, 
step in the evaluation of the biological role and therapeutic poten- 
tial of genes identified by homology searching of sequence data- 
bases The ongoing effort to identify new components and regu- 
lators of infiuinmation may ultimately result in future antagonist 
targets and dings. Lung administration of recombinant Ad vectors 
expressing novel secreted genes is both efficient and informative 
enough to be used a$ a primary functional screen for cytokine-UVe 
molecules. Lung infection produces sustained local secretion of the 
protein in vivo for many days following infection. As demon- 
strated in this study, the nature of the infiltrating ceils, changes in 
tissue slrucain:, and alterations In gene expression profile* all give 
important information about the biological activity of the new mol- 
ecule, in vim 
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